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D scription 

This invention relates to a silver halide photographic light sehsitiv materia) containing negative type 
silver halide grains each having an inner c re substantially comprising stiver bromide or sliver iodobromide 
5 surrounded by a plurality of outer sh ils each substantially composed of silver bromide or silver 
iodobromide. 

fn recent years, as there have been more stringent requirements tor silver halide emulsions for 
photographic use. the demands for high-level photographic characteristics such as a high-speed, an 
excellent graininess. a high sharpness, a low fog-density, and a sufficiently wide exposure range have 
70 increased. . 

High-speed emulsions such as a silver iodobromide emulsion containing silver iodide in an amount of 
from 0 to 10 mol% of the emulsion to satisfy the above-mentioned requirements are known. As regards the 
methods of preparing the above-mentioned emulsions, the well-known methods include, for example, an 
ammonia method, a neutral method, an acid method in which the conditions of pH and pAg values are 
75 controlled, and a precipitation method such as a single-jet or double-Jet method. 

Based upon the above-mentioned prior art research has been carried out with the intention of improving 
the sensitivity and graininess of light-sensitive materials and, further, achieving both high sharpness and low 
fog. A silver iodobromide emulsion which is provided by the invention has been studied so as to control not 
only the crystal habits and grain distribution but also the iodide content distribution in an individual silver 
20 halide grain. 

To achieve the photographic characteristics including, for example, a high speed, excellent graininess, 
high sharpness or low log density, the most conventional process is to improve the quantum efficiency of 
the silver halide used. For this purpose, studies have been made of solid state physics and the like. 
. There has been research in which the above-mentioned quantum efficiency was theoretically computed 

26 and the influence on a graininess distribution was also studied. Such research is described in, for example, 
the preprints of 1980 Tokyo Symposium on Photographic Progress, tiffed Interactions Between Light and 
Materials 1 , p. 91. This research predicts that a quantum efficiency could effectively be improved if a 
monodispersed emulsion may be prepared by narrowing a grain distribution. Further, in the so-called 
chemical sensitization process for sensitizing a silver halide emulsion (This process will be described in 

30 detail later.), it may be reasonably presumed that a monodispersed emulsion may also be advantageous to 
effectively make a light-sensitive material highly sensitive whilst maintaining a low fog level. 

To prepare such a monodispersed emulsion on an industrial scale, it is desired, as described in 
Japanese Patent Publication Open to Public Inspection (hereinafter called Japanese Patent O-P.L Publica- 
tion) No. 48521/1979, to apply both of the theoretically predetermined conditions of the feeding rate controls 

36 of silver ions and halide ions to be fed into a reaction system and the satisfactory conditions of the agitation 
thereof to the preparation process under the strict controls of the pAg and pH values of the emulsion. When 
a silver halide emulsion is prepared under me above-mentioned conditions, it is in either the cubic, 
octahedral or tetradecahedral crystal form. Such an emulsion comprises the so-called normal crystal grains , 
each having both of the (100) and (111) planes in various ratios. It is welt-known that a high sensitization 

40 may be achieved by making use of the above-mentioned normal crystal grains. 

it is known that the silver halide emulsions suitably used in high speed photographic films include a 
silver iodobromide emulsion comprising polydispersed type twinned crystal grains. 

Also, silver iodobromide emulsions each containing tabular shaped twinned crystal grains are disclosed 
in, for example, Japanese Patent O.P.I. Publication No. 113927/1983 and others. 

45 Additionally Japanese Patent O.P.I. Publication No. 22408/1978; Japanese Patent Examined Publication 
No. 13162/1988; 'Journal of Photographic Science', No. 24; p. 198, 1978; and the like each describe, 
respectively, that development activity is increased or high sensitization is realized by making use of 
multilayered type silver halide grains applied with a plurality of shells around the inner cores of the grains. 
Furthermore, West German Patent No. 2,932.650; Japanese Patent O.P.I. Publication Nos. 2417/1976. 

so 17436/1976 and 11927/1977; and the like describe the respective silver halide grains each provided with a 
covering layer by a halogen substitution so as to serve as the outermost layer of the silver halide grain. 
These silver halide grains are not suitable for a negative type emulsion, because the fbdng time is reduced. 
Also, development may be thereby inhibited, so that satisfactory sensitivity may not be obtained. 

There is also well-known positive type (i.e., an internal latent image type) silver halide grains each 

55 provided outside the Inner core thereof with a plurality of covering layers prepared through a halogen 
substitution, such as those described in, for example, U.S. Patent Nos. 2.592,250 and 4,075,020; and 
Japanese Patent O.P.I. Publication No. 127549/1980. These silver halide grains are often us d in an internal 
latent imag type direct positiv light-sensitiv material such as those for diffusi n transferring use. 
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However, th y cannot be used at all in any negative type emulsion to which* the invention directed, because 
the internal sensitivity thereof is xcessively high. 

There is a further silver halide grain provided on the inner core thereof with shells, as described above, 
and in which various iodide contents of the respective layers thereof are taken into account. This type of 
5 grains are described in. for example. Japanese Patent OP. I Publication nos. 181037/1883. 35726/1985 and 
116647/1984. 

DE-A-3310609 discloses a silver halide photographic material comprising silver halide grains provided 
with iodobromide grains having an average iodide content of at least 12 mol%. The grains comprise at least 
3 different iodobromide phases, each having a different iodide content Whilst the precise relative iodide 
w content of the layers is not critical, the external phase preferably has an average Iodide content of between 
5 and 13 mot percent of the average content of the entire grain; the second phase preferably contains 
between 15 and 25 mol percent and the innermost phase preferably has a content of between 30 and 70 
mol percent 

In the field of silver halide photographic light-sensitive materials, color light-sensitive materials each 

75 having an ISO speed of 1000 or over have recently been introduced. It is, however, usual that as such a 
light-sensitive material shows improved sensitivity, it deteriorates in terms of graininess and sharpness. 

Accordingly, such a high speed light-sensitive material has, so far been unsatisfactory for the 
consumers who want to admire a good photograph because its image quality is not as good as a 
conventional light-sensitive material. Therefore, a high-speed negative type light-sensitive material excellent 

20 in graininess and image sharpness is required. 

For astronomical photography, indoor photography, sport photography and the like, a further high-speed 
negative type light-sensitive material is particularly called for. 

The present invention seeks to provide a negative type silver halide photographic tight-sensitive 
material which is high in sensitivity, excellent in the correlation between sensitivity and fog, wide in the 

25 exposure range, and excellent in both graininess and image sharpness. This may be accomplished, 
according to the present invention, by a negative type silver halide photographic material comprising silver 
halide grains of a core-shell structure which consists of an inner core essentially consisting of silver 
bromide or silver iodobromide and a plurality of shells, essentially consisting of silver bromide or silver 
iodobromide, wherein each of the silver halide grains comprises (a) an outermost shell containing silver 

30 iodide of 0 to 10 mol%, (b) a highly iodide-containing shell provided inside the outermost shell, of which 
silver iodide content is from 6 to 40 mol% and Is at least 6 mol% higher than that of the outermost shell, 
and (c) an intermediate shell provided between trie shells (a) and (b) the stiver iodide content of the 
intermediate shell being at least 3 mol% higher than that of the outermost shell, and at least 3 mol% lower 
that of the high iodide-containing shell. 

35 In the silver halide composition of the silver halide grains relating to the invention, the expression, 
'substantially comprising —\ means that the above-mentioned silver halide grains are allowed to contain 
such a silver halide other than silver bromide or silver iodide as silver chloride and, more particularly, 
means that the content thereof is desirably not more than 1 mol% if it is silver chloride, provided that the 
content thereof does not disturb the advantages of the invention. 

40 The special features of the photographic light-sensitive materials of the invention may be summarized 
as given below: 

(1) A high-speed, a wide exposure range and an excellent graininess (as compared with non-core/shell 
type emulsions) may be obtained by making use of emulsion containing core/shell type silver halide 
grains each surrounding highly iodide-containing shells; 
4$ (2) The property of high-speed may be further improved by interposing an intermediate shell between 
the highly iodide-containing shell and the outermost low iodide-containing shell, provided that the iodide 
content of the intermediate shell is in a range between that of the tow iodide-containing shell and that of 
the outermost shell; 

3) The iodide content of the highly iodide-containing shell should be from 6 to 40 mol% and is at least 6 
so mol% higher than the outermost shell. If the iodide content thereof is less than 6 mol% (or, if the 
difference in iodide content is less than 6 mol%, the sensitivity of the light-sensitive material is reduced. . 
In addition, if it exceeds 40 mol%, the light-sensitive material is polydispersed. Therefore, having regard 
to the sensitivity and the Image sharpness It Is necessary that the Iodide content of a highly iodide- 
containing shell does not exceed 40 mol%, 
55 (4) The difference between the iodide content of an intermediate shell and that of the outermost shell, or 
between the intermediate shell and that of a highly iodide-containing shell is not less than 3 mol%. 
Because, if the difference is too small, the advantageous properties of the intermediate shell are 
reduced. (i.e., the sensitivity of a light-sensitiv material is reduced.) From th viewpoint of that the 
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advantages of the intermediate shell (in sensitivity, monodispersibility, fog-sensitivity correlation and 
image sharpness) are effectively induced, it is preferred to specify the upper limit of the difference 
between these iodide contents up to 35 mof%. 

(5) Wh n the iodide content of the whole silver halide grains is in excess, th developabjlity and 
6 sensitivity of the light-sensitive material tend to be reduced, th gradation tends to be too hard and the 

exposure range narrowed and further the gralniness worsened. It is. therefore, preferred to choose an 
iodide content within the aforementioned range. 

(6) A monodispersed emulsion is superior to a polydispersed emulsion in sensitivity, sharpness and has 
an improved correlation between fogginess and sensitivity. In polydispersed emulsions, it is difficult to 

70 achieve an ideal core/shell structure, because the shell-forming reactions thereof are not uniform; fine 
v grains are present therein so as to deteriorate the sharpness; the sensitivity thereof is lowered and the 
correlation between fogginess and sensitivity tends to deteriorate, because the optimum conditions for 
chemically sensitizing the emulsion after the grains thereof were formed depend upon the individual 
grains. For these reasons monodispersed emulsions are preferred. 
15 (7) When a light-sensitive material is multilayered, the multilayer-sensitivity thereof is inferior to the 
monolayer-sensitivity. (This phenomenon is called an Interlayer desensitizatlon effect.) The emulsions of 
the invention are not only high in monolayer sensitivity, but are also hardly affected by the above- 
mentioned interlayer desensitization effect Therefore, the emulsions of the invention may effectively be 
used in such multilayered color light-sensitive materials. 
20 Preferred compositions according to the invention satisfy the following criteria: 
The shells have an iodide content as follows: 

In : An iodide content of a highly iodide-containing shell (mol%); 
Im : An Iodide content of an intermediate shell (mol%); and 
U : An iodide content of an outermost shell (mol%); 
25 it is preferred that Al = lh-II>8 mol%. Alh = lh-lm>m4 mol% and Alt=lm-lt>4 mol%: and it is further 
preferred for A>10 mol%, Alh>4 mol% and AU>4 mol%. {Refer to the above-mentioned Item (4)}; 
wherein U is preferably from 0 to 5 mol% and, more preferably, from 0 to 2 mot% and, further preferably, 
from 0 to 1 moi%; and In is from 6 to 40 mol% and, preferably, from 10 to 40 mol%. {Refer to the above- 
mentioned Item (3)}. 

30 The volume of the outermost shell preferably comprises from 4 to 70% of the whole grain and, more 
preferably, from 10 to 50% thereof. The volume of the highly iodide-containing shell preferably comprises 
from 10 to 80% of a whole grain and, more preferably, from 20 to 50% and. further preferably, from 20 to 
45% thereof. The volume of the intermediate shell preferably comprises from 5 to 60% of a whole grain 
and, more preferably, from 20 to 55% thereof. The highly iodide-containing shell may comprise at least one 

36 part of an inner core and, more preferably; a separate inner shell is present inside the highly iodide- 
containing shell. 

The iodide content of the inner shell is preferably from 0 to 40 mol% and, more preferably, from 0 to 10 
mol% and, further preferably, from 0 to 6 mol%. The grain size of the inner core is preferably from 0.05 to 
0.8um and, more preferably, from 0.05 to 0.4um. 

40 In the distinctive features described In the above-mentioned Item (5), the iodide content of the whole 
grain is preferably from 1 to 20 mol% and, more preferably, from 1 to 15 mol% and. further preferably, from 
2 to 12 mo!%. In the distinctive features described in the above-mentioned Item (6), the grain size 
distribution is allowed to be either one of the polydisperse type and the monodrspere type. However, the 
variation coefficient of such grain size distribution is preferably not more than 20% in a monodispersed 

45 emulsion and. more preferably, not more than 15%. Such a variation coefficient will be defined as follows to 
measure a monodispersibility: 



Standard deviation 

Varia-ion coefficient i%) - , °f q ? a 4-T siz? ioo 

Average gram size 

As for a multilayered color light-sensitive material having the features mentioned in the Item (7), it is 
55 desired that the multilayered arrangement is made of not less than three emulsion layers comprising three 
kinds of light-sensitive layers: a blue-sensitive layer, a red-sensitive layer and a green-sensitive layer: and at 
least one emulsion layer thereof contains the silver halide grains r lating to the invention or the above- 
menti ned d sirable silver halide grains. 
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The grain size of a stiver halide grain (which is d fined as a length of one side of a cube having the . 
same volume as that of the silver haiid grain) is preferably from 0.1 to 3.0*im: and the configuration thereof 
may be, for example, an octahedron, a cube, a sphere, or a flat plate and, most preferably, an octahedron. 
The layer arrangements of the silver halide grains of the invention will further be described below: 

5 As mentioned above, th inner shell may be the highly iodide-containing shell, or there may be both an 
inner shell and a highly iodide-containing sheii. The inner shell and the highly iodide-containing shell, the 
highly iodide-containing shell and the intermediate shell, and the intermediate shell and the outermost shell 
may be adjacent to each other: or, optionally another shell comprising at least one layer having an arbitrary 
composition (hereinafter called an arbitrary shed) may be interposed between the above-mentioned shafts. 

w The above-mentioned arbitrary shell may suitably be a monolayered shell having a uniform composi- 
tion, a plurality of shells each having a uniform composition with a stepwise change in composition from 
shell to shell, a continuous shell which changes its composition gradually in its arbitrary shell, and the 
combination thereof. The above-mentioned highly iodide-containfng shell and intermediate shell may be 
used together as a pair or a plurality of layers may be employed. 

75 Examples of the layer arrangements of the silver halide grains relating to the invention are as follows; 
Iodide content will be represented by I. Subscripts denote the order of shells. 
1 . 3-layer structure of an inner core a highly iodide-containing shell: 

30 . iodide content: Shell diameter 



Cora (3rd) (Inner core * Highly iodide 



•containing shell) 



I,-I»>3 aol* 



I,«15 mol% 



2nd shell (Intermediate shell) 



I 1 -I 4 >3 mol* 



Ij- 5 mol% 



1 ,411m 



30 



1st shell 



(Outermost shell) 



I 4 -<H10 mol% 



I x - 0.5 nol%" 




35 2. (Mayer structure interposing the 4th and 5th shells each having an arbitrary composition between an 
inner core and a highly iodide-containing shell: 



40 



SO 



55 
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iodid content Shell diam ter 
Cor (6th) (Inner cor ) 

Arbitrariness 1,-4*0 mol% 0.1 iua 

5th shell (Arbitrary shell) 

Arbitrariness I g «2.o mol% 0.27pm 

4th shell (Arbitrary shell) 

Arbitrariness I 4 -2.6 mol% 0.8|im 

3rd shell (Highly iodide-containing shell) 

I.-l, >3 mol% 1,-15.0 mol% 1.12|im 

2nd shell (Intermediate shell) 

1,-1^3 jnol* I 1 - 5.0 mol% l*44jim 

1st shell (Outermost shell) 

I^o-io mol% I*- 0.5 molt i.«iim 

3. 7-layer structure interposing the 5th and 6th shells between an inner shell and a highly iodide- 
containing shell and also interposing a 2-layered intermediate shell -between the outermost shell and the 
highly iodide-containing shell: V 
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TO 



IS 



20 



2S 



30 



35 



40 



i dide content Shell diamet r 

7th shell (Inner core) 

I,- 4 moll O.lOmn 
Ctjh shell (Arbitrary shell) 

Arbitrariness I # - % mol* 0«27|im 

5th shell (Arbitrary shell) 

Arbitrariness I t « 8 mol* 0.8|im 

4th shell (Highly iodide-containing shell) 

I 4 -I t >3 IftOl* I 4 -15 mOl* 1.12M1D 

3rd shell (Intermediate shell) 

I r -I»>3 mol% I t » 8 mol* i.llm 

I 4 -I,>3 mol 

2nd shell (Intermediate shell) 

Ij-I 1 >3 mol* I a * 4 mol* i.44|im 

I«-I v >3 mol* 
1st shell (Outermost shell) 

I 1 -o-io mol* I 4 - 0.3 mol* i.6jim 



4. 8-layer structure interposing respectively the arbitrary 6th and 7th shells between an inner shell and a 
highly iodide-containing shell, an arbitrary single-layered shell (4th shell) between a highly iodide- 
containing shell (5th shell) and an intermediate shell (3rd shell), and an arbitrary single-layered shell (2nd 
shell) between the intermediate shell (3rd shell) and the outermost shell: 
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iodide content Shell diameter 

8th shell (Inner core) 

Arbitrariness I s - 4 mol% 0.10pm 

7th shell (Arbitrary shell) 

Arbitrariness l t « 2 mol% 0.27pm 

6th shell (Arbitrary shell) 

Arbitrariness I,- 4 molft 0.8pm 

5th shell (Highly iodide-containing shell) 

I r I f >3 mol% I g -13 molft 1.12pm 

4th shell (Arbitrary shell) 

Arbitrariness I 4 » 9 molft 1.24pm 

3rd shell (Intermediate shell) 

I f -I 1 >3 mol% I g - 5 molft 1.44pm 

2nd shell (Arbitrary shell) 

Arbitrariness I a « 4.5 mol* 1.50pm 

1st shell (Outermost shell) 

I x =0*-10 mol% X% m 2 molft 1.6pm 

5. Structure having a plurality of highly iodtde^ontaining shells: 

iodide content Shell diameter 

6th shell (Inner core) 

Arbitrariness I # - 4 molft 0.10pm 

5th shell (Highly iodide-containing shell) 

I,-I t >3 molft 1,-15 molft 0.27pm 

I,-I 1 >6 mol* 
4th shell (Arbitrary shell) 

Arbitrariness I, - 5 mol* 0.80|im 

3rd sh 11 (Highly iodide-containing shell) 
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Ir.ii>3 aoW- 1,-15 aoJ3 l.l2nu 

5 2~d shell (Intermedial shell) 

li-r^s raol 5 * 1 1 - 5 moH 

isz shell (Outermost shell) 

I^O~io mol* l x m 0.3 moi* 

The fnner cores of the silver haJide grains of the invention can be prepared by a process as described 
15 in, for example. P. Glafkides, 'Chimie et Physique Photographique\ published by Paul Montel, 1967; Q.F. 
Duffin, 'Photographic Emulsion Chemistry 1 , published by The Focal Press, t966; V.L Zelikman et al, 
'Making and Coating Photographic Emulsion 1 , published by The Focal Press. 1964; Such processes 
typically include an acid method process, a neutral method process, and an ammonia method process. 
Further, a single-jet precipitation process, a double-jet precipitation process or the combination thereof may 
20 also be applied to cause the reaction between a soluble silver salt and a soluble halide. 

In addition, the reverse precipitation process may be employed in which grains may be formed in 
presence of silver ions in excess. The controlled double-jet precipitation process, a version of the double-jet 
precipitation processes, may also be applied for keeping a pAg value of a silver halide produced in a liquid t 
phase. According to this process, a silver halide emulsion regular in crystal form and nearly uniform In grain 

29 size may be prepared. 

It is also possible to use a mixture of two or more kinds of silver halide emulsions each prepared 
separately, and in this case a double-jet precipitation process or a controlled double-jet precipitation 
. process is preferably used. 

The A pAg value varies in accordance with the reaction temperature and the kinds of silver halide 

30 solvents in the preparation of an inner core, and is preferably from 2 to 11. It is also preferred to use a 
silver halide solvent, because the grain-forming time may be reduced. A silver halide solvent such as 
ammonia or thioether may be used. 

Inner cores may be used in a flat plate, sphere or twinned crystal system and also in the form of an 
octahedron, cube, temadecahedron or the mixed forms thereof. 

55 In order to prepare grains of uniform size, it is preferred to grow up grains rapidly within the critical 
saturation limit, in a process such as that described in, for example, British Patent No. 1.535,016; and 
Japanese Patent Examined Publication Nos. 36890/1973 and 16364/1977, in which the respective rates of 
addition of silver nitrate and an aqueous solution of a hafogenated alkali are adjusted according to the 
growth rate of the grains; or in such a process as described in, for example, 4.242,445 and Japanese Patent 

40 O.PJ. Publication No. 158124/1980. in which the concentration of an aqueous solution is adjusted. The 
above-mentioned processes may also advantageously be used to introduce arbitrary shells, highly iodide- 
containing shells, intermediate shells or the outermost shells, because new renucleation will not occur and 
each silver halide grain is uniformly coated in these processes. 

In the invention. If necessary, a single shell or a plurality of arbitrary shells may be interposed between 

45 the highly iodide-containing shell comprising silver haiide grains and the intermediate shell. Such highly 
iodide-containing shells may be provided by a process including a desalting step, if necessary, applied to 
the resultant inner shell or the inner shell provided with an arbitrary shell and an ordinary halogen 
substitution process a silver halide coating process or the like Is then performed. 

The halogen substitution process may be performed for example, such that, after an inner core is 

so formed, an aqueous solution mainly comprising an iodide compound (preferably, potassium iodide), which is 
preferably not higher than 10% in concentration, is added. This processes are more particularly described 
in. for example, U.S. Patent Nos. 2,592,250 and 4,075,020; Japanese Patent O.P.I. Publication No. 
127549/1980; and the like. To decrease the difference in an iodide distribution between the grains of the 
highly iodide-containing shell, it is preferable, in this process, to adjust the concentration of the aqueous 

55 iodide compound solution to 10~~ 2 mol% or lower and then to add the solution over a period of at least ten 
minutes. 

The processes for providing a coating of a silver halide an inner core includ . for example, the double- 
jet precipitation process and controlled double-Jet precipitation process, in which, in each cas r an aqueous 
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halide solution and an aqueous silver nitrate solution are simultaneously added. More specifically, the 
processes are d scribed In detail in, for example, Japanes . Patent O.P.I. Publication Nos. 22408/1978 and 
14829/1983; Japanese Patent Examined Publication No. 13162/1968; * Journal of Photographic Science', No. 
24,198, 1976; and the like. 

6 When the highly iodide-containing shell is formed, the pAg valu is varied in accordance with the 
reaction temperature and the nature and the amount of silver halide solvents used. The same conditions as 
those for the case of the above-mentioned inner core are appropriate to this case. When using ammonia as 
a solvent, a pAg value of from 7 to. 1 1 is preferred. 

For the preparation of the highly iodide-containing shell, a double-jet precipitation process or a 

io controlled double-jet precipitation process is preferred. 

The intermediate shells, of the silver halide grains of the invention may be prepared such that a highly 
Iodide-containing shell is arranged onto the surface of a grain containing the above-mentioned highly iodide- 
containing shells and the inner shells, or. if required, the highly iodide-containing shell is provided thereon 
with a single or plurality of arbitrary shells and, to the outside of the above-mentioned grain, a silver halide a 

75 halogen composition different from those of the highly iodide-containing shells is further coated in a double- 
jet or controlled double-jet precipitation process or the like. 

The aforementioned process for preparing highly iodide-containing shell may similarly serve as the. 
above-mentioned processes. 

The outermost shell of the silver halide grains of the invention may be provided in such a manner that 

20 an intermediate shell is provided to the surface of a grain containing the above-mentioned intermediate 
shells, the highly iodide-containing shells and the inner core or, if required, the intermediate shell provided 
thereon with a single or plurality of arbitrary shells and, to the outside of the above-mentioned grain, a silver 
halide having a halogen composition different from those of the highly iodide-containing shells and the 
Intermediate shells is further coated in a double-jet or controlled double-jet precipitation process or the like. 

25 The aforementioned highly iodide-containing shell providing process is similarly applied to serve as the 
above-mentioned processes. 

Any number of arbitrary shells may optionally be Interposed if required, between the inner core arid the 
highly iodide-containing shell, and/or between the highly iodide-containing shell and an intermediate shell, 
and/or the intermedisAQ shell and the oirtermost shell. 

30 The above-mentioned arbitrary shells may be prepared by the same processes as employed to prepare 
the aforementioned highly iodide-containing shell. When trying to provide a shell adjacent to an inner core, 
a highly iodide-containing shell, an outermost shell or arbitrary shells provided to the respective positions, 
an ordinary desalting process may be performed to prepare the adjacent shell. Alternatively if required, 
such shells may be Continuously formed without carrying out any desalting. 

35 Structural characteristics of the silver halide grains of the invention such as the iodide content of each 
coated shell of the silver halide grains may be determined by such methods as that described in, for 
example, J.I. Goldstein and O.B. Williams, 'X-Ray Analyses in TEM/ATEM', Scanning Electron Microscopy, 
1977. vol. 1, UT Research Institute, p. 651, March, 1977: 'Annual Meeting of SPSTJ "84\ p 49-51 (1984); 
The International East-West Symposium on the Factors Influencing Photographic Sensitivity (1984)', c-60-c- 

40 63 (1984); Japanese Patent O.P.I. Publication No. 143331/1985 and Japanese Patent O.P.I Publication No. 
143332. 

It is possible to remove an excessive halide or a salt or compound such as a nitrate, ammonia and the 
like produced as a by-product from the dispersion-medium of the grains which are the final products 
obtained after the outermost shell of the invention was formed. The suitable methods of removing the 

46 above-mentioned materials typically include, for example, a noodle washing method usually applied to an 
ordinary type emulsion; a dialysis method; a sedimentation method utilizing an inorganic salt, an anionic 
surfactant, such an anionic polymer as a polystyrene sulfonic acid, or such a gelatin derivative as an 
acylated or carbamoylated gelatin; and a flocculation method. 

The core/shell type silver halide grains of the invention can be optically sensitized to a desired 

60 wavelength region, and there is no special limitation to the optical sensitization methods. The grains may be 
optically sensitized by making use, independently or in combination, of an optical sensitizer such as 
cyanine or merocyanine dyes suitably including, for example, zero-methine, monomethine, dimethine, and 
trimethine. A combination of spectrally sensitizing dyes is often used particularly for a supersensitization. An 
emulsion may contain, as well as the above-mentioned spectrally sensitizing dyes, a dye having no 

66 spectrally sensitizing characteristic in itself or a substance substantially incapable of absorbing any visible 
rays off light but capable of displaying super-sensftteing characteristics. These techniques are described in, 
for example. U.S. Patent Nos. 2,688,545, 2,912,329. 3.397,060. 3,615,535 and 3,628.964; British Patent Nos. 
1,195,320. 1,242,588 and 1,293,862; West German (OLS) Patent Nos. 2,030,326 and 2,121,780; Japanese 
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Patent Examined Publication Nos. 4936/1968 and 14030/1969; R s arch Disclosure, vol. 176. No. 17643> 
published in Dec., 1978, p. 23. Paragraph IV, Item J; and the like. The above-mentioned techniques may be 
optionally selected according to a wavelength region, sensitivity and the like to which a sensitization is to be 
applied and, additionaly in accordance with with the purpose and use of a light-sensitive material. 

5 Th core/shell type silver halide crystals of the invention may also be treated by various chemical 
sensitization processes applicable to ordinary type emulsions. 

The chemical sensitization may be carried out by a process such as that described in, for example, H. 
Frieser, 'Die Grundlagen der Photographische Prozesse mit Silberhalogeniden', Akademische Verlagsges- 
selschaft. 1968, pp. 675-34. Namely, there may be used. Independently or in combination, a sulfur 

10 sensitization process employing a compound or active gelatin containing sulfur capable of reacting with 
silver ions: a reduction sensitization process employing a reducible substance; a noble-metal sensitization 
process employing gold and other noble-metal compounds; and the like. As for the sulfur sensitizers, a 
thiosulfate. a thiourea, a thiazole, a rhodanine and other compounds may be used. They typically include 
those described in U.S. Patent Nos. >,574,944. 2,410,588. 2.278,947. 2,728,668, 3.656,955, 4,032.928 and 

15 4,067,740. As for the reduction sensitizers, a stannous salt, an amine, a hydrazine derivative, a formamidine 
sulfinic acid, a a s/lane compound may suitably be used. They typically include those described in U.S. 
Patent Nos. 2.487.B50, 2,419.974, 2.518.698, 2,983,609. 2.983,610, 2,694,637, 3.930,867 and 4,054,458. For 
the noble-metal sensitization, a gold complex salt and the metal complex salts of the VIII group of the 
periodic table, such as platinum, iridium, and palladium may suitably be used. They typically include those 

20 described in U.S. Patent Nos, 2.399.083 and 2,448,060: British Patent No. 618.061; and the like. 

The silver halide grains of the invention may be treated by a combination of two or more of the above- 
mentioned chemical sensitization processes. 

The amount of silver to be coated is not limited but is preferably in the range of from 1000mg/m 2 to 
15000mg/m 2 and, more preferably, from 2000mg/m 2 to 10000mg/m 2 . 

26 The light-sensitive layers each containing the above-mentioned grains may be present on both sides of 
a support. ' . 

When forming each of the shells of the core/shell type emulsion of the invention/ various kinds of 
dopants may be doped. The inner dopants include, for example, silver, sulfur, iridium, gold, platinum, 
osmium, rhodium, tellurium, selenium, cadmium, zinc, lead, thallium, iron, antimony, bismuth, and arsenic. 

30 To dope the above-mentioned dopants, the water-soluble salts or complex salts thereof may be used In 
combination with the dopants when forming each of the shells. 

For the binders to be used in the core/shell type silver halide grains of the invention, or the dispersion 
medium to be used in the manufacturing process thereof, a hydrophillc colloid ordinarily used in a silver 
halide emulsion may also be used. For the hydrophilic colloids mentioned above, examples include gelatin, 

35 whether lime- or acid-treated and also the following; namely, a gelatin derivative including, for example, 
those prepared through a reaction of gelatin on any one of an aromatic sulfonyl chloride, acid chloride, acid 
anhydride, isocyanate or 1,4-diketone, such as described in U.S. Patent No. 2.614,928; a gelatin derivative 
prepared by a reaction of gelatin on a trimellltic acid anhydride, such as described in U.S. Patent No 
3.118,766: a gelatin derivative prepared by a reaction of gelatin on an organic acid having an active 

40 halogen, such as described in Japanese Patent Examined Publication No. 5514/1964; a gelatin derivative 
prepared by a reaction of gelatin on an aromatic glyctdyl ether, such as described in Japanese Patent 
Examined Publication No. 26845/1967; a gelatin derivative prepared by a reaction of gelatin on a maieimide, 
mateaminic acid or unsaturated aliphatic dJamide and the like, such as described in U.S. Patent No. 
3,186,846; a sulfoalkylated gelatin described in British Patent No. 1,033.189; a polyoxyalkylene derivative of 

45 a gelatin described in U.S. Patent No. 3,312,553: a graft gelatin polymer with acrylic acid, methacrilic acid 
or the esters thereof with a mono- or poty-valent alcohol; a graft gelatin polymer with an amide, acryionitrile 
or methacrylonitrile, styrene, or other vinyl monomers used independently or in combination: a synthetic 
hydrophilic high molecular substance including, for example, a homopolymer comprising a monomer such 
as vinyl alcohol, N-vinylpyrolidone, hydroxy alky l (metha}-acrytate. (metha)acrylamfde, or N-substftuted 

50 (metha)acrylamide, or the copolymers prepared with each other homopolymers mentioned above, a 
copolymer prepared with either one of the above-mentioned substances and, for example maleic acid 
anhydride or maleamic acid: a natural hydrophilic high molecular substance other than gelatin including, for 
example, an independent or a combination of casein, agar and an alginic polysaccharide. 

The silver halide photographic emulsions each containing the core/shell type silver halide grains of the 

55 invention may further contain various kinds of additives ordinary used according to the purposes. 

The above-mentioned additives include, for example, a stabilizer and an antifoggant such as an azote or 
an imidazole, e.g., a benzothiazolium salt, a nitroindazole, a nttrobenzimidaz le. a chlorobenzimidazole, a 
bromobenzimidazole. a mercaptothiazole, a mercaptobenzthiazole, a mercaptobenzimidazole and a mercap* 
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tothiadiazole; a triazole, e.g., an aminotriazole, a benzotriazoie and a nitrqbenzotriazole; a tetrazole, e.g., a 
mercaptotetrazole. particularly including l-phenyl-S-mercaptotetrazole and the like; a mercaptopyrimidine; a 
mercaptotriazine, e.g.. a thiok to compound including oxazolinethione; an azaindene, e.g., a triazaind ne, a 
tetraazaindene, particularly including a 4-hydroxy substituted-(1 ,3.3a,7)tef raazalnden . and a pentaazaindene 

5 benzenethiosulfonic acid, benzenesulfinic acid, benzenesulfonic acid amide, an imidazolium salt, a 
tetrazolium salt, and a polyhydroxy compound. 

In the photographic light-sensitive materials which contain the core/shell type emulsions of the Invention, 
the photographic emulsion layers and the other hydrophilic colloidal layers thereof may contain inorganic or 
organic hardeners, independently or in combination, which Include, for example, a chromium salt such as 

w chrome alum, chromium acetate and the like; an aldehyde such as formaldehyde, glyoxal, glutaric aldehyde 
and the like; a N-methyfol compound such as dimethylolurea and methytoWimethylhydarrtoine; a dioxane 
derivative such as 2,3-dihydroxydloxane; an active vinyl compound such as 1 .3,5-triacryloyl-hexahydro-S- 
triazine, and 1,3-vinylsulfonyl-2-propanol; an active halide such as 2,4-dichloro-6-hydroxy-S-triazine; a 
mucohalogen acid such as mucochloric acid, and mucophenoxychloric acid. 

is In the photographic light-sensitive materials which contain the core/shell type emulsions of the invention, 
the photographic emulsion layers and the other hydrophilic colloidal layers thereof may contain the 
dispersed matters of a water-insoluble or slightly soluble synthetic polymer in order to improve the 
dimensional stability thereof, for example. Polymers may also be used, independently or in combination, 
including, for example, alky! (metha)acryiate. aikoxyaikyl <metha)acrylate. glycidyl (metha)acrylate. (metha)- 

20 acrylamide, a vinyl ester such as vinyl acetate, acrylonitrile, olefin, and styrene; or the polymers each 
having the monomer-components each comprising a combination of the above-mentioned dispersed 
matters and acrylic acid, methacrylic acid, a./SHjnsaturateo^lcarboxyilc acid, hydroxyaikyl (metha) acrylate, 
sulfoalkyl (metha)acrylate and styrenesulfonic acid. 

The silver telide photographic light-sensitive materials relating to the invention may also contain, If 

25 required, a development accelerator such as benzyl alcohol, a poly oxy ethylene compound; an image 
stabilizer such as a chroman, coumaran, bisphsnol or phosphorous acid ester; a lubricant such as a wax, 
glycerides of a higher fatty acid, the higher alcohol esters of a higher fatty acid and the like; a development 
regulator; a developing agent; a plastictzer; and a bleaching agent For the surfactants which may be 
contained therein, there may also be used a coating aid, a permeability improving agent for a processing 

30 liquid or the like, a defoaming agent or various materials of the anion, cation, non-ion or amphoteric type for 
controlling various physical properties of the light-sensitive materials. For the antistatic agents, there may 
effectively be used a diacetyl cellulose, a styrene perfluoroalkylsodium mafeaie copolymer, an alkali salt of 
the reaction products of a styrene-maleic anhydride copolymer and p-aminobenzenesulfonlc acid. The 
matting agents include, for example, a poly methacrylic add methyl, a polystyrene, an alkali-soluble polymer 

35 and the like. In addition, a colloidal silica oxide may also be used. The latexes to be added for improving 
the physical properties of layers include, for example, a copolymer of an acrylic ester, a vinyl ester or the 
like and a monomer having the other ethylene group. The gelatin plasticizers include, for example, glycerol 
and a glycol compound. The thickening agents include, tor example, a styrene-sodium maleate copolymer, 
and an alkylvinytether-maleic acid copolymer. 

40 The emulsions each having the silver halide grains of the invention may be provided with a wide 
latitude, if they are prepared by mixing at least two emulsions which have different average gran size and 
sensitivity. 

The core/shell type sliver halide emulsions relating to the Invention may effectively be applied to the 
photographic light-sensitive materials for various applications such as a general black-and-white photog- 

45 raphy, X-ray photography, color photography, infrared photography, microphotography, silver dye bleach 
photographic process, reversal photography, diffusion transfer photographic process, high contrast photog- 
raphy, photothermography and heat processable light sensitive materials, inter alia, they are particularly 
suitable for a high speed color light-sensitive material. 

When applying a core/shell type silver halide emulsion of the invention to a color photographic light- 

50 sensitive material, the silver halide emulsion should be treated in such a process as usually applied to a 
color light-sensitive material as well as with the materials therefor. In the above-mentioned process, cyan, 
magenta and yellow couplers are contained in the emulsions each having the aforementioned Ocrystals and 
haying been prepared to be red-, green- and blue-sensitive, respectively. The above-mentioned materials 
include, for example, the magenta couplers such as 5-pyrazotone, pyrazolobenzimldazole, pyrazolotriazole, 

55 cyanoacetylcoumaran, and open-chained acylacetonitrile; the yellow couplers such as acylacetoamide {e.g., 
a benzoylacetanilide and a pivaloylacetanHide; and the cyan couplers such as naphthol and phenol. The 
above-mentioned couplers are preferably the non-diffusible ones each having, in the molecules thereof, a 
hydrophobic group that is the so-called ballast group. The couplers may be of either 4- or 2-equivalent per 
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sitv r ion. They may also be colored couplers capable of displaying a color-compensation effect or couplers 
capable f releasing a development inhibitor while a development is being carried out, (which are called 
'non-coloratign DIR couplers'). The above-mentioned emulsions may also contain, in addition to the DIR 
couplers, a non-coloration DIR coupling compound which is capabj of producing a colorless coupling 
5 reaction products and also releasing a development inhibitor. 

According to the invention, the following anti-discoloring agents and color image stabilisers may 
optionally be used alone or in combination. Such anti-discoloring agents include, for example, a 
hydroquinone derivative, a gallic acid derivative, a p-alkoxyphenol, a p-oxyphenol derivative, and a 
bisphenol. 

70 In the light-sensitive materials of the invention, the hydrophilic layers thereof may contain a UV 
absorbing agent such as a benzotriazole compound substituted by an aryi group, a 4-thiazolidone 
compound, a benzophenone compound, a cinnamic acid ester compound, a butadiene compound, a 
benzoxazole compound, or a UV absorptive polymer, it is also possible for such UV absorbing agents to be 
included in above-mentioned hydrophilic colloidal layers. 

75 In the light-sensitive materials of the invention, the hydrophilic layers thereof may contain a water- 
soluble dyestuff to serve as a filter dyestuff or for another purpose such as preventing irradiation. 

Such dyes as mentioned above include, for example, an oxonof, hemioxonol. styryl, merocyanine, 
cyanine or azo dye. Among them, the hemioxonol dyes and the merocyanine dyes are particularly useful. 
The light-sensitive materials of the invention may contain an anticolor-fogging agent such as a 

20 hydroquione derivative, an aminophenoi derivative, a gallic acid derivative or an ascorbic acid derivative. 

This invention may also be applied to a multilayered multicolor photographic light-sensitive material 
comprising a support bearing thereon at least two light-sensitive layers having different spectral sensitivity . 
from each other. Generally, a multilayered color photographic material is provided, on the support thereof, 
with at least one each of red-, green- and blue-sensitive emulsion layers, respectively. The layers may be 

26 arranged in any order, as appropriate. It is usual for the combination to contain cyan forming couplers in a 
red-sensitive emulsion layer, magenta forming couplers in a green-sensitive emuteion layer and yellow 
forming couplers in a blue-sensitive emulsion layer, however, a different combination may also be adopted, 
if necessary. 

In the photographic light-sensitive materials of the invention, the photographic emulsion layers and other 
30 hydrophilic colloidal layers thereof may be coated on the support or other layers thereof by various well- 
known coating methods such as a dip-coating method, a roller-coating method, a curtain-coating method or 
an extrusion-coating meVhod. The preferred methods are described in, for example, U.S. Patent Nos. 
2,681.294. 2,761.791 and 3.526.52a 

The support of the above-mentioned photographic light-sensitive materials may be, for example, baryta 
36 paper, polyethylene-coated paper, synthetic polypropylene paper, glass plate, cellulose acetate film, 
cellulose nitrate film, polyvinyl acetal film, polypropylene film, polyester film such as polyethylenetereph- 
thalate film or polystyrene film, each of which is ordinarily used and may suitably be selected according to 
the intended use of the photographic light-sensitive material 

The above-mentioned supports may also be sublayered, if required- 
40 The photographic light-sensitive materials containing the core/shell type silver halide emulsions relating 
to the invention may be exposed to light and. after then, developed by any conventional process. 

A black-and-white developer is an alkaline solution containing a developing agent such as a hydrox- 
ybehzene, an aminophenoi or an aminobenzene and, in addition, it may also contain a sulfite, carbonate, 
bisulfite, bromide or iodide of an alkali metal salt When the above-mentioned photographic light-sensitive 
46 material is for color photographic use, it may be color developed by any convention color developing 
process. In a reversal process, the development is performed using a black-and-white developer followed 
by exposure to white-light or a treatment in a bath containing a fogging agent, and further a color- 
development Is made with an alkaline developer containing a color developing agent. There is no particular 
restriction as to which processes should be used. A typical example of such a process is that, after color- 
so development, a bleach-fixing is made and, if required, followed by washing and a stabilizing process; 
another example thereof is that, after color-developing, bleaching and fixing are separately performed and, if 
required, washing and a stabilizing process are further performed. Generally, a color developer comprises 
an aqueous alkaline solution containing a color developing agent. The color developing agents include, for 
example, well-known aromatic primary amine developers such as a phenylenediamine, e.g.. 4-amino-N,N- 
56 diethylaniline. 3-methyl-4-amino-N,N-diethyl aniline, 4-amino-N-emyl-N-iS-hydroxyothylaniline, 3-methyl-4- 
amin -N-ethyl-N-j8-hydroxyethylaniline, 3-me%l-4-amino-N-emiy^0^ and 
4-amino^-methy-N-ethyl-N-jS-methoxyethylaniline. 

In addition to,th above, it is also possible to use those described in. for example. LF.A. Mason, 
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'Photographic Processing Chemistry 1 . Focal Press. 1966. pp. 226-229; U.S: Patent Nos. 2.193.015 and 
2.592,364; and Japanese Patent O.P.I. Publication No. 64933/1973. 

The color developers may also additionally contain a pH buffer and/or an antifoggant They may also 
further contain, if required, any one of. a water softener, a preserver, an organic solvent, a development 
5 accelerator, a dye forming coupler, a competing coupler, a fogging agent an auxiliary developer, a 
thickener, a polycarboxylic acid chelating agent and an oxidation inhibitor. 

The photographic emulsion layers are ordinarily bleached after they are color-developed. The bleaching 
process may be carried out either simultaneously with the fixing process, or independently. The bleaching 
agents for this purpose include, for example, the compounds of a polyvalent metal such as iron (III), cobalt 
to (IV). chromium (VI) or copper (II) or a peroxy acid, a quinone, or a nitroso compound. 

It is possible to add to a bleaching or bleach-fixing liquid, various additives as well as the bleaching 
accelerators such as those described in. for example, U.S. Patent Nos. 3.042,520 and 3,241.966, Japanese 
Patent Examined Publication Nos. 8506/1967 and 8836/1967, and the thiol compounds such as those 
described In. for example. Japanese Patent O.PJ. Publication No. 65732/1 978. 
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The following examples will further illustrate preferred preparation of the stiver halide grains relating to 
the invention. 

Preparation Examples of the silver halide grains 



Preparation Example 1 



25 



(1-1) Preparation of Inner Core: -> 

By making use of the following six kinds of solutions, a silver iodide emulsion EM-1 was prepared so as 
to contain silver iodide in an amount of 4 mol% thereof. 



(Solution A-l) 



30 



Ossein gelatin 



39.7 g 



Distilled water 



3,93« ml 



35 



k 10* ethanol solution of sodiua 

polyisopropylene-polyethyleneoxy- 

-disuccinate 



35.4 ml 



40 



45 



50 
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Nagn slum sulfate 3,6 g 

A 6% solution of nitric acid 75. < ml 

Potassium bromide 2.06 g 

(Solution B-D 

Ossein gelatin 33.4 g 

Potassium bromide S07 g 

Potassium iodide 47 g 

'5 A 10* etbanol solution of sodium 
pol yisopropyl ene -poly ethyl eneoxy- 

-disuccinate 33.4 ml 



70 
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Distilled water 1,432 ml 
(Solution B-l) 

Silver nitrate 1.200 g 

25 a 6% solution of nitric acid €2 ml 

Distilled water 1,4(7 al 
(Solution F-l) 

A 25* aqueous solution of KBr An amount required for 

pAg value adjustment. 

(Solution H-l) 

A 6% solution of nitric acid An amount required for 

pB value adjustment. 

(Solution 1-1) 

A 7% aqueous solution of An amount required for 

sodium carbonate pH value adjustment* 

45 Botfi Solutions of 6-1 and B-f were added to Solution A-t in a double-jet precipftatfon method, at4Q 9 C, 
by making use of a mixing stirrer described in Japanese Patent OP A. Publication Nos. 92523/1982 and 
92524/1982. While the double-jet precipitation method was being applied, the pAg and pH value thereof and 
the rates of addition of both Solutions of E-1 and B-1 were controlled as shown in Table 1. The pAg and pH 
values were controlled by adjusting the flow rates of both Solutions F-1 and H-1 by making use of a roller- 

50 tube pump capable of changing flow rates. 

Three minutes after the addition of Solution E-1 was completed, a pH value of the resulted matter was 
adjusted with Solution 1-1 . 

Next, the resultant matter was desalted and washed by a conventional method and dispersed In an 
aqueous solution containing I25g of ossein gelatin. An aggregate amount of the dispersed matter was then 
55 adjusted with distilled water to 4300ml. 

It was observed with an electron microscope that the resulted emulsion was a mpnodispersed emulsion 
of 0.09um in average grain size. Hereinafter, the term, 'grain size', means a length of on side of a cube 
which is equivalent to a grain in volume. 
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Table 1 





Time 


Rate £ adding a 


lution (ml /min) 


pAg 


pH 


5 


(min) 


solution e-i 


some ion da 








A AA 


1 4 o 

13(7 


A3 * 9 


8 A 


• • v 


10 


1 4 a' 




1 4 8 


8 0 
Fe V 


* * V 




* • w 


13 9 


15.2 


9. 0 

9 . -w 


2.0 

*» • V 


is 


W • WW 


il fl 


15.2 

A *r • A 


9. 0 


2.0 

, m e w 


10 30 


29 1 


28. 4 


9.0 


2.0 

4» . W 




13 .72 


39.fi 


39.1 


9.0 


2.0 


20 


16. 37 


49.2 


48.5 


9.0 

^ e v 


2.0 




17 . 93 

■A f • * ^ 


5 5.0 


54.3 


9.0 

yew 


2. 0 

m * W 


25 


AO* V 


57. 8 


37.1 


9.0 

y • w 


2. 0 

• e w 


20*55 


65-7 

w ^ * « 


65.0 


9.0 

^ • w 


2 . 0 

• • w 




22*25 


73. 2 


71.5 


9.0 


2. 0 

«r « W 


. 

30 


25. 20 


87.2 


86. 3 


9 0 

■ y e W 


2 0 




26.50 


93. 8 


92.9 


9.0 


2.0 


35 


27. 70 


100.2 


' 99.9 


9. 0 


2.0 
* • w 


28.85 


106.3 


105.3 


9.0 


2.0 




29.95 


112.3 


111.1 


9.0 


2.0 


40 


30.95 


118.1 


117.0 


9.0 


2.0 




31.92 


123.8 


122.6 


9.0 


2.0 


45 


32.10 


124.8 


123. $ 


9.0 


2,0 



(1-2) Provision of the 5th Shell: 

Emulsion EM-2 was prepared, by using the following 5 kinds of solution, in such a process that the 
so above-mentioned Emulsion EM-1 was used as a seed emulsion to which silver iodobromide shells each 
having a silver iodide content of 2 mol% were provided. 



55 
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(Solution A-2) 
Oss in g latin 
Distilled water 

A 10% ethanol solution of sodium 

polyisopropylene-polyethyleneoxy- 

disuccinate 

4-hydroxy-«-methyl-l . 3 . 3a. 7- 
-tetrazaindene 

A 28% aqueous ammonia 

A 56% aqueous solution of acetic acid 

Magnesium sulfate 

Seed emulsion (EM-i ) 



84.54 g 
•.#42 ml 

20 ml 

181.32 mg 
117.4 ml 
154 ml 
14 g 



(Solution B-2) 
Ossein gelatin 
RBr 

.. . KI 

4-hydroxy=«-metbyl-i » 9. 3a, 7- 
tetrazaindene 

Magnesium sulfate 

Distilled water 

(Solution E-2) 



An equivalent amount 
to 0.328 raol 



18.72 g 
763.8 q 
21.8 g 

2.17 g 
1,578 ml 



AgN0 3 

A 28% aqueous ammonia 
Add distilled water to make 
(Solution F-2) 
A 50% aqueous solution of KBr 

(Solution G-2) 

A 56% aqueous solution of 
acetic acid 



1,142.4 g 

931.4 ml 
1.821 ml 



An amount required for 
pAg value adjustment. 



An amount required for 
pH value adjustment. 
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Both Solutions of E-2 and B-2 were added to Solution A-2 in a double-jet precipitation method, at 40 * C, 
by making use of a mixing stirrer described in Japanese Patent O.P.I. Publication Nos. 92523/1982 and 
92524/1982, by taking a time for 32.5 minutes at a minimum so as not to produc any small grains during 
th addition thereof. While tine double-jet precipitation meth d was being appli d, the pAg and pH value 
5 thereof and the adding rates of both Solutions of E-2 and B-2 were controlled as shown in Table 2. The pAg 
and pH values were controlled by adjusting the flow rates of Solutions F-2, G-2 and B-2 by making use of a 
roller-tube pump capable of changing flow rates. 

After the addition of Solution E-2 was completed, the pAg value was adjusted to 10.4 with Solution G-2 
and. two minutes after then, the pH value was adjusted to 6.0 with Solution F-2. respectively. 

70 ( 

Tabla 2 



15 



3D 



35 



40 





Rate oi; adding solution (ol/airJ 










j .10 




15 . 44 


8.50 


8.00 


5 .A3 


41.87 


40.15 


8.54 


7.95 


3.17 


60.36 


58.69 


8.58 


7.88 


10. 38 


76.58 


74.98 


8.64 


7.78 


13.62 


83.78 


82.24 


8.71 


7.66 


16.33 


81.82 


80.3 3 


8.78 


7.53 


19.07 


75.04 


73.56 


8.84 


7.42 


21.78 


66.98 


55.53 


8.90 


7.31 


24.51 


59.36 


57.93 


8.95 


7.22 


26.33 


53.65 


51.93 


8.99 


7.15 


29.97 


49.56 


47.82 


9.00 


7.06 


32.48 


46.47 


44.71 


9.00 


7.00 



Next, the resultant matter was desalted and washed by a conventional process, and was dispersed in an 
45 aqueous solution containing 12a6g of ossein gelatin. An aggregate amount thereof was then adjusted to 
3,000ml with distilled water. 

tt was observed with an electron microscope that the resulted emulsion was an excellent monodisper- 
sed emulsion of 0.27um in average grain size and of 12% in the variation coefficient of grain size 
distribution, 
so (1-3) Provision of the 4th Shell: 

Emulsion EM-3 was prepared, by using the following 5 kinds of solution, in such a process that the 
above-mentioned Emulsion EM-2 was used as a seed emulsion to which silver iodobromide shells each 
having a silver iodide content of 2.6 mol% were provided. 

55 
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(Soluti n A-3) 

Ossein gelatin 34.0 g 

Distilled wat r 7.779 ml 

A 10% ethanol solution of sodium 

polyisopropylene-polyethyleneoxy- 

-di succinate 20 ml 

4-hydroxy-6-methyl-l , 3 , 3a, 7- 

-tetrazaindene 405 mg 

A, 28* aqueous ammonia 117.3 ml 

A 56% aqueous solution of acetic acid 72 ml 

Seed emulsion (EM-2 ) 



(Solution B-3) 
Ossein gelatin 
KBr 
KI 

4-hydroxy-6-methyl~l * 3 . 3a, 7- 
tetrazaindene 

Distilled water 

(Solution E-3) 

AgM0 3 

A 28% aqueous ammonia 



An equivalent amount 
to 0.303 mol 



18.74 g 
760.2 g 
28.4 g 

1.33 g 
1.574 ml 

1.141 g 
»37 ml 



45 



50 



55 



Add distilled wa-er to ma.<a 
(Sol-iion ?-3) 
A 50^ aqueous solution of X3r 

(Solution G-3) 

A 5fii aqueou3 solution 
bi acecic acid 



1.930 al 



An amount required for 
jkz value adjustment. 



Ar. suaounc required for 
pH value adjustment. 



Both Solutions of E-3 and B-3 were added to Solution A-3 in a double-jet precipitation method, at 40 C, 
by making use of a mixing stirrer described in Japan se Patent O.P.I. Publication Nos. 92523/1982 and 
92524/1982. by taking a time for 56.5 minutes at a minimum s as not to produce any small grains during 
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the addition thereof. During the double-jet precipitation method, th pAg and pH values and the rates of 

addition of both Solutions of E-3 and B-3 were controlled as shown in Table 3. The pAg and pH values were 

controlled by adjusting the flow rates of Solutions F-3, G-3 and B-3 by making use of a roller-tube pump 

capable of changing flow rat s. 
s Two minutes after the addition of Solution E-3 was completed, the pAg value was adjusted to 10.4 with 

Solution G-3 and, two minutes after then, th pH value was adjusted to 6,0 with Solution F-3, respectively. 
Next, the resultant matter was desalted and washed by a conventional process, and was dispersed in an 

aqueous solution containing 12&1g of ossein gelatin. After then, an aggregate amount thereof was adjusted 

to 3,000ml with distilled water. 
to ft was observed with an electron microscope that the resulted emulsion was an excellent monodisper- 

sed emulsion of 0.80um in average grain size and of 10% in the variation coefficient of grain size 

distribution. 



Table 3 



35 



46 



Ti.ia 
(ain) 


Race of adding solution (ml/aia) 


pAg 


pa 


Solution E—3 


Solution 3-3 


0.00 


5.77 


5.49 


9.0 


9.00 


9.43 


10.29 


9,79 


9.0 


8.96 


14.17 


13.91 


13.24 


9.0 


8. 93 


13.38 


18.96 


18.04 


9.0 


8.88 


23.62 


25.91 


24.65 


9. 0 


8.83 


23.33 


35.09 


.33.81 


9.0 


8.76* 


33.05 


44.20 


42.92 


9.0 


8.66 


37.78 


53.27 


52.01 


9.0 


8.54 


42.50 


55.56 


54.31 


9.0 


8.40 


47.23 


36.37 


55.12 


9.0 


8.27 


51.95 


58.00 


56.75 


9.0 


8.13 


56.53 


56.01 


54.76 


9.0 


8.00 



(1-4) Provision of Highly iodide-containing Shell, Intermediate Shell and the Outermost Shell of the 
Invention: 

so Emulsion EM-4 was prepared, by using the following 7 kinds of solutions, in such a process that the 
above-mentioned Emulsion EM-3 was used as a seed emulsion to which a highly iodide-containing shell, an 
intermediate shell and the outermost shell were provided. 
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10 



15 



20 



25 



30 



35 



40 



(Solution A-4) 
Ossein gelatin 
Distilled water 

A 10% ethanol solution of sodium 
polyisopropylene-polyethyleneoxy- 
-disuccinate 

4-hydroxy-6-methyl-l . 3 , 3a, 7- 
-tetrazaindene 

A 28% aqueous ammonia 

A 56% aqueous solution of acetic 

Seed emulsion (EM-3) 

(Solution B-4) 
Ossein gelatin 
KBr 
KI 

4-hydroxy-6-methyl-l » S • 3a. 7- 
tetrazaihdene 

Distilled water 

(Solution C-4) 

Ossein gelatin 

KBr 

KI 



22.5 g 
6,884 ml 

20 ml 

Amount shown in Table-4 

469 ml 

acid 258 ml 

An equivalent amount 
to 0,8828 mol 

24 g 

Amount shown in Table-* 
Amount shown in Table-5 

Amount shown in Table-5 
1.971 nl 

24 g 

Amount shown in Table-* 
Amount shown in Table-* 



50 
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70 



IS 



20 



30 



36 



4-hydroxy-6-m thyl-1/3. 3a, 7- 
tetrazaindene 

Distill d water 

(Solution 

Ossein gelatin 

KBr 

KI 

4-hydroxy-6-methyl-l • 3 . 3a, 7- 
tetrazaindene 

Distilled water 

(Solution E-4) 

A 28% aqueous ammonia 
Add distilled water to make 
(Solution F-4) 
A 501 aqueous solution of KBr 

(Solution G-4) 

A 56* aqueous solution of 
acetic acid 



Amount sb vn in Table- 6 
1,978 ml 

40 g 

Amount shown in Table-7 
Amount shown in Table-7 

Amount shown in Table-7 
3.29C ml 

1.109 g 

904 ml 
l.M* ml 



An amount required for 
pAg value adjustment 



An amount required for 
pH valur adjustment 



50 



Both Solutions of E-4 and B-4 were added to Solution A-4 in a double-jet precipitation method, at 50* C, 
by making use of a mixing stirrer described in Japanese Patent O.P.L Publication Nos, 92523/1982 and 
92524/1982, by taking a time for 46.6 minutes. At the same time when the addition of Solution B-4, Solution 
C-4 was added thereto. After 35.9 minutes, i.e. when the addition off Solution C-4 was completed, Solution 
D-4 was added thereto and after 25.5 minutes, the addition of Solution D-4 was completed. During the 
double-jet precipitation method, the pAg and pH values and the rates of addition of the solutions of E-4, 6-4, 
C-4 and D-4 were controlled as shown in Table-8. The pAg and pH values were controlled by adjusting the 
flow rates of Solutions F-4 and G-4 by making use of a roller-tube pump capable of changing flow rates. 

Two minutes after the addition of Solution E-4 was completed, the pAg value thereof was adjusted to 
10.4 by, Solution F-4 and, after two minutes, the pH value thereof was further adjusted to 6.0 by Solution Q- 
4, respectively. 

Next, the resultant matter was desalted and washed by a conventional method and was dispersed in an 
aqueous solution containing I27g of ossein gelatin. After then, the resulted dispersed matter was adjusted 
to an aggregate amount of 3,000ml with distilled water. 

It was observed with a electron microscope that the resultant emulsion was an excellent monodispersed 
emulsion of 1.60um in average grain size and of 11% in the variation coefficient of grain size distribution. 

The emulsion EM-4 is a core/shell type silver iodobromide emulsion having the silver iodide contents of 
15 mol%, 5 mol% and 0.3 mol% in the order arranged from the inside of each grain, (i.e.. U =0.3, In = 0.5 
and Jm= 5, respectively) 
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TabJL 4 
Content of Solution A-4 . 



10 


Emulsion No. 


4-hydroxy-6-methyl-l . S . 3«, 7- 
-tetrazalndene (mg) 


BM-4 


646 




BM-S 


646 


75 


BM-6 


44* 




BM-7 


446 




BM-8 


646 


20 


m-9 


646 




BM-10 


646 


25 


BM-11 


646 




EH- 12 


646 




EM- 13 


646 


30 


EM-14 


646 




EM-IS 


646 


35 


EM-16 


646 




BM-17 


646 




EN- 18 


646 


40 


EM-19 1 


646 




EM-20 


646 


45 


EM-21 . 


646 




BM-22 


646 




EH-23 


646 


50 


EM-24 


646 



55 
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Emulsion No. 


4-hydroxy-«-methyl-l . 3 . 3a. 7- 
-t trazaind ne (mg) 


EM-25 


646 


EM-2« 


646 


EM-17 


646 


EH-28 


323 


EM- 19 


323 


EM-30 


323 


EM-31 


323 


EM-32 


646 


EM-33 


646 


EM-34 


646 


EM-3 5 


646 


EM-36 


646 


EM-37 


646 


EM-38 


646 


EM-39 


646 
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Tabl 5 

Content of Solution B-4 



5 










*JP 


10 


Emulsion 
No. 


4-hydroxy-6-methyl- 
-i,S.Sa,7-tetra- 
zaindene (nig) 


KBr 
(g) 


KX 
<9> 


(KBr+KI) 
mol* 


BM-4 


25(0 


848 


209 


15 




EM- 5 


2560 


848 


209 


IS 


15 


EM- 6 


3560 


848 


309 


IS 




EM-7 


2560 


848 


309 


IS 




EM-8 


2560 


848 


309 


IS 


20 


EM- 9 


2560 


848 


309 


IS 




BM-10 


2560 


948 


69.7 


s 


25 


EM-11 


2560 


918 


111 


.. 8, • 




EM- 12 


2560 


898 


199 


10 




EM-IS 


2560 


798 


178 


20 


30 


EM-14 


2560 


898 


418 


90 




EM-IS 


2560 


598 




40 


35 


EM-16 


2560 


598 


557 


40 




BM-17 


2560 


498 


897 


SO 




BM-Ht 


2560 


498 


697 


so 


40 


EM-19 


2560 


848 


309 


is 




EM-20 


2560 


848 


209 


15 


.« 


BM-21 


2560 


848 


209 


15 




EM-21 


2560 


848 


309 


15 




EM- 2 3 


2560 


848 


209 


IS 



50 



55 
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KI 


5 


Rmiil ni An 
No. 


4— hvdrox v- 6— me thvl — 

-i,s.Sa,7-t*tra- 
7ai ndene {ma) 


KBr 

<t> 


KI 

Cg) 


(KBr" 

D ] 


►KI) 
L* 




EM-24 


2560 








70 


EM-25 


2560 


848 


209 


15 




EM-26 


2560 


748 


348 


25 




EM-27 


2560 


848 


4ft A A 

209 


15 


75 


EM- 2 8 


1280 




4 A A 

209 






EM-29 


1280 


848 


209 


15 


20 


EM-30 


1280 


848 


209 






EM-31 


1280 


848 


209 


15 




EM-32 


2560 


848 


209 


15 


«D 


EM-33 


2560 


848 


209 


15 




EM-34 


2560 


848 


209 




30 


EM-33 


2360 


748 


348 




EM- 3 6 


2560 




it* 
481 






EM- 3 7 


2560 




488 




35/ 


EM-38 


2560 




111 






EM-39 


2360 




111 





40 



50 



55 
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Tabl 6 

Content of Solution C-4 













KI 




Emulsion 
NO. 


4—hvdrox v-6 — meth vl — 
-l,3,3a,7-tetra- 
zaindene (ma) 


KBr * 

eg) 


KI 


nol% 


10 












EM-4 


2560 


948 


69.7 


5 




EM- 5 


2560 


848 


209 


15 


IS 


em-6 


2560 


868 


181 


13 




EM-7 


2560 


898 


139 


10 


20 


EM- 8 


2560 


978 


27*9 


2 


BM-9 


2560 


996 


4*18 


0.3 




BM-10 


2560 


948 


69*7 


3 


AS . 


EM- 11 


2560 


948 


69.7 


3 




EM-12 


2560 


948 


69.7 


3 




EM-13 


2560 


948 


69.7 


5 


30 


EM-14 


2560 


948 


69.7 


5 




EM- 15 


2560 


948 


69.7 


5 


35 


EM-16 


2560 


996 


4.18 


0.3 




EM^17 


2560 


948 


69.7 


3 




RM-1 A 




00* 


A IS 

#• IB 


ik • 
™» * 


40 


EM- 19 


2560 


948 


69.1 


s 




EM-20 


2560 


948 


69.1 


5 


4$ 


BM-21 


2560 


948 


69.1 


S 




EM- 2 2 


2560 


948 


69.1 


s 




EM-23 


2560 


898 


199 


10 



so 



66 
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KI 


6 


NO. 


-1,3,3a, 7-tetra- 
zaina ne tragi 


( 9 ) 


•ft 

<g> 


fltOX* 




EM-24 


2560 


898 


189 


10 


10 


EM-35 


2540 


898 


139 


10 




EM- 2 6 


2560 


828 


237 


17 




EM-27 


2560 


948 


69.7 


5 


75 


EM-28 


1280 


948 


69.7 


5 




EM-29 


12 SO 


996 


4.18 


0. 3 


20 


EM-30 


1280 


948 


, 69.7 


5 




EM-31 


1280 


996 


4.18 


0.3 




EM- 3 2 


2560 


948 


69.7 


5 


25 


EM-33 


2560 


948 


69.7 


5 




BM-34 


2560 


948 


69.7 


5 




BM-33 


2560 


898 


139 


10 




EM-36 


2560 


898 


139 


10 




EM-37 


2560 


924 


104 


7.3 


35 


EH-38 


2560 


956 | 


55.7 


4 




EM-3 9 


2560 


996 


4.18 


0.3 



40 



46 



SO 



55 
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Table 7 

Content of S lution* D^4 



Emulsion 
Ho. 


4-hydroxy-tf-methyl - 
-l,3.3a.7-tetra- 
zalndene (mg) 


RBr 

! (g) 


XI 

<g> 


(KBr+KI) 
nol« 


EM-4 


4268 


JIOOV 




0 8 


EM-5 


4268 


1 X £ a 
4.05U 




O 1 - 


EM-6 


4268 


loot/ 




v . * 


EM- 7 


4268 


10OU 




0 9 


EM- 8 


4268 


t lC £A 


* 


o a 


EM- 9 


4268 


16 oil 




V • 9 


EM-10 


4268 






0 s 


EM-11 


4Zoo 


1 AAA 




0.8 


EM- 12 




1660 

A V V V 




0.9 


EM- 1 3 




1660 


6 


0.3 




42 68 

^ A V o 


1660 


6 97 


0.8 




42(8 


1660 




0.9 


EM- 16 

Oil * v 


4268 


1660 


6.91 


0.9 


EM-17 


4268 


1660 


6.97 


0.9 


EM-18 


42(8 


1660 


6.97 


0.9 


EM-19 


4268 


1660 




0 


EM-20 


4268 


16S7 


11.6 


0.3 


EM-21 


4268 


1641 


34.8 


1.5 


BM-22 


4268 


1591 


104 


4.5 


EM-23 


4268 


1641 


84.8 


1.5 
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Emulsion 
Ho. 


4 -hyd r oxy- 6 -me thy 1 - 
-l, 3, 3a.7-tetra- 
zainden (my) 


KBr 
<g> 


<g> 


IKBt+KIJ 

mol* 


EM-24 


4268 


15 91 


104 


4.5 


EM-15 


4268 


1532 


185 


8 


EM-26 


4268 


1482 


255 


11 


EM-27 


4268 


1660 


6.97 


0.3 


EM-28 


2134 


1660 


6.97 


9.3 


EM-29 


2134 


1660 


6.97 


0.5 


EM-30 


2134 


1660 


6.97 


0.3 


EM-31 


2134 


1660 


6.97 


0.3 


EM-32 


4268 


1660 


6.97 


0.5 


EM-33 ] 


4268 


1660 


6.97 


0.3 


EM-34 


4268 


1660 


6.97 


0.8 


EM-3 3 


4268 


1581 


115 


5 


EM-36 


4268 


1581 


115 


5 


EM-37 


4268 


1581 


115 


5 


EM-38 


4268 


1660 


6.97 


0.3 


EM-39 


4268 


1660 


6.97 


0.3 
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Table 8 



5 


Time (min> 


Rate of adding £ 


lution (mi/min) 


ghq 


pH 






B-4 


B-4 


C-4 


D-4 






0.00 


7.07 


7,00 


mm 


mm 


8.70 


9.00 


10 


18.00 


8.89 


8.80 


- 


mm 


8.70 


9.00 




27.00 


9.75 


9.65 




mm 


8.70 


9.00 




36.00 


10.55 


10.45 


- 


- 


8.70 


9.00 


1S 


43.00 


11.29 


11.18 




- 


8.70 


9.00 




46.60 


11.51 


11.40 


11.40 




8.70 


9.00 


cU 


54.80 


16.44 


- - 


18.12 




8.93 


9. si 


63.05 


21.38 




24,73 




9.30 


S.66 




72.05 


32.84 




60.87 




9.96 


0.31 




73.30 


26.31 




54,69 




10.19 


t.21 




82.50 


24.12 




23.88 


23.88 


10.20 


S.04 




90.06 


21.89 






21.67 


10.20 


7.M 


30 


99.08 


20.13 






' 19.93 


10.20 


7.06 




108.00 


19.25 






19.06 


10.20 


7.50 



35 

Preparation Example 2 

The emulsions, EM-5, EM-6, EM-7, EM-8 and EM-9, were prepared in the same manner as in (1-4) of 
40 the above-mentioned preparation example, except that they employed the 7 kinds of solutions described In 
(1-4) of the preparation example and added KBr, Kl and 4-hydroxy-6-methyl-1 ,3,3a,7-tetrazaindene in the 
amounts designated in Tables 4, 5, 6 and 7, respectively. 

The resultant emulsions were monodispersed emulsions each of 1 -60um in average grain size and their 
variation coefficients of grain size distribution were 17%, 15%, 12%, 16% and 16%, respectively. 

45 

Preparation Example 3 

The emulsions, EM-tG through EM-26, were prepared in the same manner as in (1-4) of the Preparation 
Exampfe 1, except that the 7 kinds of solutions designated in the Preparation Example 1 and, KBr, Kl and 4- 
50 hydroxy^methyM ,3,3a ( 7-tetrazaindene were used in the amounts designated in Tables 4. 5. 6 and 7. 
respectively. 

These emulsions were monodispersed, having an average grain size of 1.60um and the variation 
coefficients of the grain size distributions of 10%, 10%, 11%. 12%, 13%, 18%, 19%, 35%, 39%, 10%, 
11%, 11%. 11%, 12%, 12%, 12% and 13%, respectively. 

55 

Preparation Example 4 

The emulsions. EM-28 and EM-29, were prepared in the same manner as in (1-4) of the Preparation 
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Example 1. except that the 7 kinds of solutions designated in the Preparation Example 1 and. KBr, Kl. and 
4-hydroxy^^e%l-l ( 3 l 3a,7-tBtra2aindene were used in the amounts designated in Tables 4. 5. 6 and 7, 
respectively. 

Further, the Emulsion EM-27 was prepared in such a manner that the pAg and pH values and rates of 
6 addition thereof were changed to those designated in Table-9 in the course of the mixation thereof; and the 
Emulsion EM-30 and 31 were also prepared as shown in Table-10. 

The above-mentioned emulsions were monodlspersed, having the average grain size of ^J6un\ and the 
variation coefficients of the grain size distributions of 9%, 18%, 19%, 32% and 34%, respectively. 



to 

Taple 9 





TimA (min) 


Rate of 


adding aolution (ml /min) 


XT** » 


DB 






E-4 


B-4 


C-4 








0.00 


7.07 


7.00 






8.70 


9.00 


20 


18.00 


8.89 


8.80 


^ ■ 




8.70 


9,00 




27.00 


9.75 


9.65 


• 




8.70 


9.00 




36.00 


10.55 


10.45 






8.70 


9.00 


25 


45.00 


11.29 


11.18 






8.70 


9.00 




46.60 


11.51 


11,40 


11.40 




8.70 


9.00 




54.80 


16.44 




18.12 




8.93 


8.86 


30 


63.05 


21.38 




24.73 




9.30 


8.66 




72.05 


32.94 




60.91 




9.96 


8.31 




75.50 


26.31 




54.69 




10.00 


8.21 


36 


82.50 


24.12 




23.88 


23.88 


10.00 


8.04 




90.06 


21.89 






21.67 


10.00 


7.86 


40 


99.08 


20.13 






19.93 


10.00 


7.66 




108.00 


19.25 






19.06 


10.00 


7.30 



45 " 



50 



55 
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Table 10 



10 



15 



20 



26 



30 



Time (min) 


Rate f adding a lutl n Onl/min* 


pAg 


pfl 


E-4 


B-4 


C-4 


D-4 


0,00 


7.07 


7.00 






10.20 


9.00 


18.00 


8.89 


8.80 




mm 


10.20 


9.00 


27 .00 


9.75 


9.65 






10.20 


9.00 


36.00 


10.55 


10.45 






10.20 


9.00 


Jf A A 

45 • DU 


11.29 


11.18 






10.20 


9.00 


j a £ a 


11,51 


11.40 


11.40 




10.20 


9.00 




16.44 




18.12 




10.20 


8.86 




21.58 




24.73 




10.20 


2.66 


71 OS 


32. 84 




OW • o # 




10.20 


8.31 


75.50 


26.31 




54. «* 




10.20 


8.21 


82.50 


24.12 




23.88 


23.88 


10.20 


8.04 


90.06 


21.89 






21.67 


10.20 


7.86 


99.08 


20.13 






19.93 


10.20 


7.66 


108.00 


19.25 


mm 




19.06 


10.20 


7.50 



Preparation Example 5 

The emulsion EM-32 was prepared in the same manner as in (1-4) of the Preparation Example 1, 
40 except that the 7 kinds of solutions designed in the Preparation Example t and, KBr, Kl and 4-hydroxy-6- 
methyl-1 ,3,3a,7-tetrazaindene were used in the amounts designated in Tables 4, 5, 6 and 7, respectively, 
and the pAg and pH values and rates of addition of E-4, B-4, 04 and D-4 thereof were further changed to 
those designated in Tabie-11 during mixing; and the Emulsion EM-33 was prepared as shown in Table-12, 
and Emulsion EM-34 was further prepared as shown in Table-13, respectively- The above-mentioned 
45 emulsions were the monodispersed having the average grain size of i.6um and the variation coefficients of 
the grain size distributions of 10%. 10% and 12%, respectively* -I 
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Table 11 



5 


Time (min) 


Rate of adding s 


luti n (ml /min) 




pH 






B-4 


B-4 


C-4 


D-4 








0.00 


7.07 


7.00 




- 


8.70 


9.00 


10 


18.00 


8.89 


8.80 


- 


mm 


8.70 


9.00 




27.00 


9*75 


9.65 


- 


- 


8.70 


0.00 




23.50 


9.89 


9.80 


9.80 


- 


8.10 


9.00 


15 


36.00 


10.55 


- 


10.45 




8.70 


9.00 




45.00 


11.29 




11.18 




8.70 


9.00 


20 


46.60 


11.51 




11.40 


- 


8.70 


9.00 




54.80 


16.44 


- 


18.12 


- 


8.89 


8.88 




63.05 


21.38 


- 


24.73 


- 


9.30 


8.88 


25 


72.05 


32.84 




60.57 




9.96 


8.31 




75.50 


26.31 




54,69 




10.19 


8.21 




82.50 


24.12 




23.88 


29. 88 


10.20 


8.04 


30 


90.06 


21.89 






21.61 


10.20 


7.88 




99.08 


20.13 






19. 99 


10.20 


7.88 


95 


108, 00 


19.25 






19.96 


10.20 


7.50 



40 



45 



50 



34 
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Table 12 



5 


Time (tain) 


Rate of adding solution (ml/min) 


1*9 


PH 






E-4 


B-4 


C-4 


0-4 




0,00 


7.07 


7.00 




- 


8.70 


9.00 


10 


13.90 


8.47 


8.39 


8.39 


- 


8.70 


9.00 




18.00 


9.75 


- 


9.CS 


- 


3.70 


9.00 




27.00 


9.89 




9. SO 


- 


8.70 


9.00 


15 


36.00 


10.55 




10.45 


- 


8.70 


9.00 




45.00 


11.29 


- 


11. If 


- 


8.70 


9.00 


20 


46.60 


11.51 




11.40 


- 


8.70 


9.0.0 




54.80 


16.44 


- 


18.12 


- 


8.93 


8.86 




63.05 


21.38 


- 


24.73 




9.30 


8.66 


2S 


72.05 


32.84 




60.87 




9.94 


8.31 




75.50 


26.31 




S4.69 




10.19 


8.21 




82.50 


24.12 




23.88 


23.88 


10.20 


8.04 


30 


90.06 


21.89 






21. 67 


10.20 


7.86 




99.08 


20.13 






19.33 


10.20 


7.66 


as \ 


108.00 


19.25 






19.04 


10.20 


7. SO 



40 



45 



BO 



35 
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Table 13 



6 



20 



Time (mln) 


Rat of adding aoluti n (ml /mln) 


pAg 


PH 


E-4 


B-4 


C-4 


D-4 


0.00 


7.07 


• 7.00 


- 


- 


8.70 


9.00 


18.00 


8.89 


8.80 


- 


- 


8.70 


9.00 


27.00 


9.75 


9.65 


• - 




8.70 


9.00 


3*. 00 


10.55 


10.45 


- 


- 


8.70 


9.00 


45.00 


11.29 


11.18 


- 


- 


8.70 


9.00 


46.60 


11.51 


11.40 


- 


- 


8.70 


9.00 


54.80 


16.44 


18.12 






8.93 


8.86 


63 . 05 


21.38 


24.73 


- 




9. SO 


8.66 


68.85 


28.76 


48.02 


48.02 


- 


9.72 


. 8.43 


72.05 


32.84 




60.87 




9.96 


8.31 


75.50 


26.31 




34. 69 




10.19 


8.21 


82.50 


24.12 






23.88 


10.20 


8.04 


90.06 


21.89 






*li€7 


10.20 


7.86 


99.08 


20.13 






19. *S 


10.20 


7.66 


108.00 


19.25 






19.06 


10.20 


7.50 



Preparation Example 6 

40 ' ~~ - 

The emulsions EM-35. EM-36 and EM-37 were prepared in the same manner as in (1-4) of the 
Preparation Example 1. except that the 7 kinds of solutions designated in. the Preparation Example 1 and, 
KBr, Kl and 4-hydfOxy-6-methyl-1,3.3a,7-tetrazaindene were used in the amounts designated in Tables 4, 5, 
6 and 7, respectively, 

45 Further, the Emulsions EM-38 and EM-39 were prepared in such a manner that the pAg and pH values 
and the rates of addition of E-4, B-4, C-4 and D-4 thereof were changed to those designated in Table 12 
during mixing. 

The above-prepared emulsions were monodispersed having an average grain size of l.6um and 
variation coefficients of the grain size distributions of 12%* 14%. 13%, 9% and 11%. respectively: 
so E- Examples of the preparation of the photographic light-sensitive materials: 
The examples of the invention will now be described in detail. 

< Example 1> 

' ' ( 

55 The effects of an intermediate shell are shown by making use of the above-mentioned Emulsions EM-5. 
EM-6. EM-7. EM-4, EM-8 and EM-9. 

Each effect thereof on sensitivity, fog, graininess. exposure range, sharpness and interlayer sensitivity 
was examined. 
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The effects thereof on the sensitivity, fog, graininess, exposure range and sharpness were measured 
with monolayered samples pr pared for this purpose. 

The effects on the multilayer sensitivity wer examined with a mufti lay red color light-sensitive mat rial 
having three light-sensitive layers, a blue light-sensitive layer, a green light-sensitive lay r and a red light- 
s' sensitive layer, * 

The processes for preparing the samples and the methods of measuring th characteristics of th 
samples were as follows: 

Preparation of a single-color sensitive coating sample (called a monolayed sample): 

The following details relate to a material of the invention, comprising a light-sensitive material having 
10 two layers, one is an emulsion-coated layer containing a coupler and the other is a protective layer. 

In this example, a magenta-color forming coupler was used. Namely. 1-(2 l 4,6-trichlorophenylh3-[3-{2 l 4- 
di-t-amyiphenoxyacetamido)benzamtdo]-5-pyrazolone was used in this example to serve as the magenta 
color forming coupler. , 
Tricresyl phosphate (TCP) was used as the high boiling solvent for dissolving the couplers. 
75 The couplers were oihprotect-dispersed by a conventional method. 

The silver iodobromide emulsions (EM-4 through EM-0) described in the aforementioned preparation 
examples were chemically sensitized by conventional method and were additionally green-color-sensitized 
with a green-color-sensitive spectral sensitizer. 

Each of the layers of this example was prepared In the following manner: 
20 • . ' 1 

1st layer ... 

A high-speed green-sensitive emulsion layer containing l.9g of the above-described silver iodobromide 
emulsions which were chemically sensitized and color-sensitized, and a dispersed matter comprising 1 .9g 
25 of gelatin and 0.06g of DNP (which stands for ditertiary nonyl phenol) dissolving 0.20g of the magenta 
coupler and 0.04g of a colored magenta coupler. 

2nd layer ... 

30 A yellow-filter layer containing 0.1 5g of yellow colloidal silver. 0-1 1g of DBP (which stands for dibutyl- 
terephthalate) dispersed matter in which 0.2g of an anti-contaminating agent was dissolved and 1.5g of 
gelatin; 

Each of the above-mentioned two layers was added with a gelatin hardener and a surface active agent, 
as well as the above-mentioned compositions. 
35 For measuring the sensitometric characteristics and the graininess, each of the samples was exposed to 
light through a wedge in an ordinary method; and for measuring the graininess, each of the samples was 
exposed to light through a square wave frequency wedge; and each of them was processed in the following 
steps: 

40 

Colo r -developing 
Bleaching 
45 Washing 
Fixing 

50 Washing 3 ain. 15 s 

Stabilizing 1 ain. 30 s - 

Drying 

55 

The composition of the processing liquids used in the above-mentioned processing steps are shown below: 



3 sin. 15 s 

6 sin. 3 0 3 

3 ain, 15 s 

s 6 ain. 30 s 
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[Color d veloper] 



4 -amino -3 -methyl -H- (fl -^hydroxyethyl ) - 
aniline • suxjcate 


4.57 g 


jwuiuiu QUliiuci aXinyQ2.au BQ 


4.25 9 


ayuiuxyxaulXIm x/i 3Ui£aCc 


2.0 g 


Potassium carbonate, anhydrated 


37.5 g 


Sodium bromide 


1.3 9 


Trisodium nitrilotriacetate, monohydrated 


2.5 g 


Potassium hydroxide 


1.0 g 


Add water to make 


l liter 



[Bleaching liquid] 



Iron ammonium ethylene- 

diaminetetraacetate 100. 0 g 
Diammonium ethyl enediamninetetraacetate 10.0 g 

Ammonium bromide 150,0 g 

Glacial acetic acid 10.0ml 

Add water to make 1 liter 
Adjust the pe value with aqueous ammonia to pH 6.0 

[Fixing liquid! 

Ammonium thiosulfate 175.0 g 

Ammonium sulfite, anhyd rated 8.6 g 

Sodium metasulf ite 2,3 g 

Add water to make l liter 

Adjust the pH value with acetic acid to pH 6.0 

[Stabilizing liquid] 

Formalin (a 37% aqueous solution) l.S ml 
Konidax (mfd. by Ronishiroku 

Photo Ind. Co., Ltd.* Japan.) 7.5 ml 

Add water t make 1 liter 
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With respect to the developed samples, the respective sensrtometric characteristics, graininess and 
sharpness th reof were measured by making use of green-light 

Fogginess ... 

5 

A so-called minimum optical density on a characteristic curve, obtained from a sensitometry. (The 
higher a value of such a minimum optical density Is, the more a fogginess is. Therefore, a high minimum 
optical density is not preferred.) 

w Sensitivity ... 

The reciprocal of a quantity of exposure (in antilog) which gives an optical density of fog +0.1 on a 
characteristic curve. (In the table showing the results of the example, the reciprocal numbers each are 
expressed as a value relative to the sensitivity of the comparative example which is regarded as the value 
*5 100.: The higher the value of such a reciprocal number, the better the sensitivity. Therefore, a high 
reciprocal number is preferred.) 

Sharpness ... 

20 The improvement effects on the sharpness of an image were detected by obtaining a MTF (which 
stands for Modulation Transfer Function) so as to compare the samples with each other with respect to the 
MTFs obtained when each spatial frequency is 10 lines per mm. The greater the MTF value, the better the 
sharpness. That is preferred. 

. 25 Graininess ... 

The standard deviation of a density value variation is obtained when scanning a dye image having a 
ratio of a RMS to a dye image density of Dmfn. +0.8 with a micro-densftometer having a round scanning 
aperture of 25 am, and 1.000 times this value is expressed as a value relative to the standard deviation 
30 value of a controlled sample regarded as a value of 100. The higher the vaJue, the coarser the graininess. 
That is not preferred. 

Exposure range ... 

36 The greater the difference, between an exposure quantity (at a logarithmic value) giving an optical 
density with a fog of +0.1 and an exposure quantity (at a logarithmic value) giving a maximum optical 
density of -0:1 is. the wider an exposure range is. It is, therefore, preferred that a difference therebetween is 
greater. 

Preparation of a muitilayered color photographic material (hereinafter called an muftilayered sample): 
40 The silver iodobromide emulsions (EM-4 through EM-9) described in the above-mentioned preparation 

examples were chemically sensitized by conventional methods so as to prepare a color photographic 

material comprising 9 layers including 3 kinds of light-sensitive layers, a blue light-sensitive layer, a green 
: light-sensitive layer and a red light-sensitive layer, in the following manner. The emulsions EM-4 to EM-9 

each chemically sensitized were changed only in a green-sensitive high speed layer that was the 5th layer. 
45 In each sample, the same and common emulsions were used in the other light-sensitive layers than the 5th 

layer. 

The sample was prepared by coating the aforementioned layers, in sequence, on a transparent support 
which comprises a sub-layered cellulose triacetate film and bears thereon an antihalation layer (containing 
0.40g of black colloidal Silver and 3.0g of gelatin). In ail the examples mentioned below, the amounts of 
so every material to be added to the light-sensitive materials is indicated in an amount per square meter, and 
both the silver halide emulsion and colloidal silver are indicated in terms of silver content. 

1st layer... 

ss A low speed red-sensitive emulsion layer (hereinafter called an RL layer) containing 1.4g of a low speed 
red-sensitive silver iodobromide emulsion layer (containing silver iodide of 7 mol%) which was color- 
sensitized to red; 1.2g of gelatin; 0.65g of tricresyl phosphate (TCP) in which 0.8g of 1-hydroxy-4(j3- 
memoxyemylaminoc^^nylmethox^^ thereinafter called C- 
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H 0.075g of 1-hydroxy-4-[4^14iydroxyr«-ac»tamic^ 

phenoxyH>utyi>2*naphtharnido.disodiuni [hereinafter called a colored cyan coupler (CC-1)]; and 0.0i5g of 1- 
hydroxy-2[^2.4-di-t-ajTiylphenoxy)n4)utyl]n^^ and 0.07g of 4-octadecyl succinimid0T2-(l-phenyl-5- 

tetrazolylthio)-lHndanone were dissolved [h reinafter called a DIR compound (EM)} were dissolved. 

5 ' 
2nd layer ... 

A high speed red-sensitive emulsion layer (hereinafter called an RH layer) containing 1.3g of a high 
speed red-sensitive silver iodobromide emulsion; l.2g of gelatin; and 0.23g of TCP in which 0.21 g of cyan 
w coupler (C-1 ); and 0.02g of colored cyan coupler (CC-1 ) were dissolved. 

3rd layer ... 

An intermediate layer (hereinafter called an IL layer) containing 0.04g of dfbutyl phthalate (hereinafter 
ts called DBP) In which 0.07g of 2.5-di-t-octylhydroquJnone {hereinafter called an antistaining agent (HQ-1)} 
were dissolved; and 0.8g of gelatin. 

4th layer ... 

20 A low speed green-sensitive emulsion layer (hereinafter called a GL layer) containing 0.80g of a low 
speed silver iodobromide emulsion (containing sliver iodide of 6 mol%) which was green-sensitized; 2.2g of 
gelatin: 0.95g of TCP in whichO.Bg of l-(2.4,6-trichloiTH5heny^ 

pyrazolone [hereinafter called a magent coupler (M-1)k 0.1 5g of 1'(2,4,6-trichloprienyl)-4-(1-naphthylazo)-3- 
<2-ch!oro-5-octadec9nylsuccineimtdoanilino}-5-pyra2oione [herein after called a colored magenta coupler 
as (CM-1)]; and 0.01 6g of the DIR compound (D-1) were dissolved. 

5th layer ... 

A high speed green-sensitive emulsion layer (hereinafter called a GH layer) containing 1.8g of a high 
ao speed green-sensitive silver iodobromide emulsion which was green-sensitized; 1.9g of gelatin; 0.25g of 
TCP in which 0.20g of the magenta coupler (M-1); and 0.049g of the colored magenta coupler (CM-1) were 
dissolved. 

6th layer ... 

3s ' ••; ;. 

A yellow filter layer (hereinafter called a YC layer) containing 0J5g of yeftow colloidal silver; 0.1 1g of 
DBP in which 0.2g of the antistaining agent (HQ-1) was dissolved; and 1 .5g of gelatin. 

7th layer ... 

40 

A low speed blue-sensitive emulsion layer (hereinafter called a BL layer) containing a low speed silver 
iodobromide emulsion (containing silver iodide of 4 mol%) which was blue-sensitized; L9g of gelatin; and 
0.6g of TCP in which 1;5g of a-pivatoy1-a-(1-benzyl-2-pheny 
dodecyloxycarbonyl)ethoxycarbonyi]ac« 

46 

8th layer... 

A high speed blue-sensitive emulsion layer (hereinafter called a BH layer) containing 1.0g of a high 
Speed silver iodobromide emulsion which was color-sensitized to blue; 1.5g of gelatin; and 0.65g of TCP in 
so which1.30gof yellow coupler (Y-1) were dissolved. 

9th layer ... . 

A protective layer (hereinafter called a PR layer) containing 2.3g of gelatin. 

55 

Measurement of multilayer Sensitivity: 

The prepared multilayered color photographic material was exposed to white light through a wedge and 
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processed in the above-mentioned processing steps. A green optical sensitivity was obtained therefrom by 
a s nsitometry, (The d finrtion of sensitivity is th same as that in the case of th above-mentioned single 
layer coat d sample.) 

5 Results of Example 1 (The effects of the intermediate shell): 

Table- f 4 shows the results of the fog, sensitivity, graininess, exposure range and sharpness off the 
Single-color-sensitive coated sample as well as the results of the multilayered sample. 

The core/shell type emulsions (EM-4 and EM-7) each provided with a highly iodide-containing shell, an 
10 intermediate shell and the outermost shell in accordance with the invention are capable of displaying 
remarkably higher sensitivity, as compared with such conventional core/shell type emulsions as EM-5 and 
EM-9 neither of which were provided with any intermediate shell interposed between the outermost shell 
that is a low iodide-containing shell and a highly iodide-containing shell so as to contain iodide in an 
intermediate amount; such a core/shell type emulsion as EM-6 provided with an intermediate shell but 
is having no reasonable difference in iodide contents between a highly iodide-containing shell and the 
intermediate shell; and such a core/shell type emulsion as EM-8 having no reasonable difference in iodid 
contents between the outermost shell and an intermediate shell. 

It is also found that the above-mentioned results are particularly remarkable with regard to multilayer 
sensitivity and that the core/shell type emulsions of the invention are more effective in a multi-layered color 
20 light-sensitive material. 

Other core/shell type emulsions outside the scope of the invention tend to broaden the grain size 
distribution and increase fogs, so bearing this in mind, it may be preferred not to use them. 

<Example 2> 

25 

Tabfe-15 shows the effects of varying the iodide content in highly Iodide-containing shells, prepared 
using the emulsions EM-4, EM-5 and EM-9 to EM- 18 of the above-mentioned Preparation Example arid In 
the same manner as in Example 1. 

The emulsions EM-10 to EM-15 are examples in which the intermediate shells and the outermost shells 
30 each have constant iodide content while the iodide content of the highly iodide-containing shells was varied. 
It is found therefrom that the higher the iodide content in a highly iodide-containing shell, the better the 
sensitivity. 

An emulsion having an iodide content of 40 or 50 moi% in the highly iodide-containing shell thereof as 
EM-15 or EM- 17 tends to show a reduced sensitizing effect. This is supposedly due to the fact that the 
36 grain size distribution was broadened, and it is found that the emulsions of the invention may be able to 
enjoy a satisfactory sensitization effect as compared with any emulsions each having the same highly 
iodide-containing shell, such as EM-^16 and EM-18, which are other than those of the invention. 

<Example 3> 

40 

Table-16 shows, similarly to the above, the effects of the Iodide contents in the low iodide-containing 
shells and the intermediate shells. 

The tower the iodide content in the outermost shell, the greater the sensitizing effects of the invention. 
Particularly in multilayer sensitivity, the tower the iodide content in the outermost shell the greater the 
45 effects. Such an emulsion as EM-26 having a high iodide content (by not less than 10 moI%) in th 
outermost shell thereof is rather lower in sensitivity than that of the comparative emulsions. 

< Example 4> 

bo Table-17 similarly shows the effects of the grain size distribution. 

In the invention, the sensitizing effects may effectively be obtained than in a monodispersed emulsion 
having a narrow grain size distribution. 

The emulsions each having a broader distribution are inferior, in sharpness, to the emulsions having a 
narrower distribution. The monodispersed emulsions of the invention are more preferred to serve as an 
ss emulsion excellent in sensitivity, fog and sharpness. 

< Example 5> 
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Table-18 also shows the effects of varying the volume of a highly iodide-containing sh II. 

Th sensitizing effects of th invention is rather I ss when the volume of a highly iodide-containing shell 
is small, say 5%. (as in EM-33), though the emulsion may be sensitized a little, and th effects may be 
improved when using an emulsion provided with a highly iodide-containing shell having such a relatively 
5 greater volume as 12% in EM-32, 22% in EM-33 and 41% in EM-34. 

< Example 6> 

Table-19 further shows the effects of whole iodide content in the whole silver iodobromide. 

10 In the invention, it is found that the emulsions each having a relatively higher whole iodide content, such 
as EM-35 and EM-36. show a reduced sensitizing effect; and that the emulsions each having a relatively 
lower whole iodide content, such as EM-38, are poor in graininess. sharpness and exposure range; and 
further that it Is preferable to use the emulsions of the invention of which the iodide contents are within a 
suitable range, so that a high sensitivity, an excellent graininess, an excellent sharpness and a broad 

t5 exposure range may be obtained. 



20 
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stiver halide grains comprise (a) an outermost shell containing from OTo 10 mol% silver iodide, (b) a 
highly iodide-containing shell provided inside said outermost shell, of which the silver iodid content is 
from 6 to 40 mol% and is at least 6 mol% higher than that of said outermost shell, and (c) an 
intermediate shell provided between the shells (a) and (b) the silver iodide content of said intermediate 
5 shell being at least 3 m 1% higher than that of said outermost shell, and at least 3 mol% lower than 
that of said high iodide-containing shell. 

2. The silver halide photographic materia) according to claim 1, wherein the silver iodide content of said 
highly iodide containing-shell is from 10 to 40 mol%. 

10 

3. The silver halide photographic material according to claim 1 or 2 wherein the silver iodide content of 
said outermost shell is from 0 to 3 mol%, 

4- The silver haiide photographic material according to claim 3, wherein the silver iodide content of said 
is outermost she!! is from 0 to 2 rnol% . 

5. The silver halide photographic material according to claim 4, wherein the silver iodide content of said 
outermost shell is from 0 to 1 mol%. 

20 & The silver halide photographic material according to any one of claims 1 to 5, wherein the difference of 
in silver iodide content between the intermediate shell and the outermost shelf is from 4 to 35 moi%. 

7* The silver halide photographic material according to any one of claims 1 to 6 wherein the difference In 
the silver iodide content between the highly iodide-containing shell and the intermediate shell is from 4 
as to 35 mol%. 

8. The silver halide photographic material according to any one of claims 1 to 7 wherein the difference in 
the silver iodide content between the highly iodide-containing shell and the outermost shell is not less 
than 8 mol%. 

30 

9. The silver halide photographic material according to claim 8, wherein the difference of the silver iodide 
content between the highly iodide-containing shell and the outermost shell is not less than 10 mol%. 

10. The silver halide photographic material according to any on of claims 1 to 9, wherein the silver iodide 
as content of the inner core is from 0 to 40 mol%, 

11. The silver halide photographic material according to claim 10. wherein the silver iodide content of the 
inner core is from 0 to 10 mol%. 

40 12. The silver halide photographic material according to claim 11, wherein the silver iodide content of the 
inner core is from 0 to 6 mol%. 

13. The silver halide photographic material according to any one of claims 1 to 12, wherein the volume of 
the outermost shell is from 4 to 70% of the whole volume of the silver halide grain. 

45 

14. The silver halide photographic material according to claim 13. wherein the volume of the outermost 
shell is from 10 to 50% of the whole volume of silver halide grain. 

15. The silver halide photographic material according to any one of claims 1 to 14 wherein the volume of 
so the highly iodide-containing shell is from 10 to 80% of the whole volume of the silver halide grain. 

16. The silver halide photographic material according to claim 15, wherein the volume of the highly iodide- 
containing shell is from 20 to 50% of the whole volume of the silver halide grain. 

55 17. The silver halide photographic material according to claim 16, wherein the volume of the highly iodide- 
containing shell is from 20 to 45% of the whole volume of the silver halide grain. 

1a The silver halid photographic material according to any one of claims 1 to 17. wherein the volume of 
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the intermediate shell is from 5 to 60% of the whole volume of the silver halide grain. N 

19* The silver halide photographic material according to claim 18, wherein the volume of the intermediate 
shell Is from 20 to 55% of the who! volume of the silver halide grain. 

5 

20. The silver halide photographic material according to any one of claims 1 to 19, wherein the size of th 
inner core is from 0.05 to 0.8um. 

21. The silver halide photographic material according to claim 2Q t wherein the size of the inner core is from 
w 0.05 to 0.4um. 

22. The silver halide photographic material according to any one of claims 1 to 21, wherein the whole 
content of silver iodide of the sffver halide grain is from 1 to 20 mof%, 

is 23. The silver halide photographic material according to claim 22, wherein the whole content of silver iodide 
of the silver halide grain is from 1 to 15 mol%. 



24. The silver halide photographic material according to claim 23. wherein the whole content of silver iodide 
of the silver halide grain is from 2 to 12 moi%. 

20 

25. The silver halide photographic material according to any one of claims 1 to 24, wherein the silver halide 
grains are monodispersed. 

26. The silver halide photographic material according to claim 25, wherein the variation coefficient of 
25 dispersion of the silver halide grains is not more than 20%. 

27. The silver halide photographic material according to claim 26, wherein the variation coefficient is not 
more than 15%. 

30 Revendications 

1- Materiau photographique a I'hatoggnure d'argent de type n&jatif comprenant des grains d'halogenure 
d'argent a structure de coque de noyau, laquelle consists en un noyau interne consistant essentielle- 
ment en bromure d'argent ou en rodobromure d'argent at en une phiralite de coques, consistant 

35 essentiellement en bromure d'argent ou en iodobromure d'argent, dans lequel lesdits grains d'haloge- 
nure d'argent comprennent (a) une coque externa contenant de 0 a 10 moles % d'iodure d'argent, (b) 
une coque a haute teneur en iodure pnlvue a HntSrieur de Iadite coque exteme, dont la teneur en 
iodure d'argent est de 6 h 40 moles % et est au moms 6 moles % supirieure a celle de Iadite coque 
exteme, et (c) une coque intermSdiaire pnlvue entre les coques (a) et (b), la teneur en iodure d'argent 

40 de Iadite coque intermSdiaire etant au moins 3 moles % sup£rieure a celte de la coque externa, et au 
moms 3 moles % inferieure a celte de Iadite coque a haute teneur en iodure. 



2. Materiau photographique a I'halogenure d'argent selon la revendication 1, dans lequel la teneur en 
iodure d'argent de la coque a haute teneur en Iodure est de 10 a 40 moles %. 

45 

3. Materiau photographique a rhaiogenure d'argent selon la revendication 1 ou 2. dans lequel la teneur en 

iodure d'argent de Iadite coque exteme est de 0 a 3 moles %. 

i 

4. Materiau photographique a I'halogSnure d'argent selon la revendication 3, dans lequel la teneur en 
50 iodure d'argent de Iadite coque exteme est do 0 a 2 moles %. 

5. Materiau photographique a I'halogSnure d'argent selon la revendication 4, dans lequel la teneur en 
iodure d'argent de Iadite coque exteme est de 0 a 1 mole %. 

55 6. Materiau photographique a I'haiogdnuna d'argent selon I'une quelconque des revendications 1 a 5, dans 
lequel la difference de teneur n iodure d'argent ntre la coque intermetttaire et la coque exteme est 
de 5 a 35 motes %. 
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7. Mat6riau photographique a I'halogenure d'argent selon Tune quelconque des revendications 1 h 6, dans 
lequel la difference entre la teneur en iodure d'argent entre la coque & haute teneur en iodure et la 
coqu intermediair est de 4 a 35 moles %. 

s & Materiau photographique h I'halogenure d'argent selon fun quelconqu d s revendications 1 & 7, dans 
lequ 1 la difference de teneur dlodure d'argent entre la coqu a haute teneur en iodure et la coque 
externe n'est pas interieure a 8 moles %. 

9. Materiau photographique k I'halogenure d'argent selon la revendlcation 8, dans lequel la difference de 
io teneur en iodure d'argent entre la coque k haute teneur en. iodure et la coque exteme n'est pas 

inferieure a 10 moles %. 

10. Materiau photographique a i'halogenure d'argent selon Tune quelconque des revendications 1 a 9, dans 
lequel la teneur en iodure d'argent du noyau interne est de 0 a 40 moles %. 

75 

11. Materiau photographique a i'halogenure d'argent selon la revendication 10, dans lequel la teneur en 
Iodure d'argent du noyau interne est de 0 k 10 moles %. 

12. Materiau photographique a i'halogenure d'argent selon la revendication 11. dans lequel la teneur en 
20 iodure d'argent du noyau interne est de 0 k 6 moles %. 

13. Materiau photographique a I'halogenure d'argent seton Tune quelconque des revendications 1 a 12, 
dans lequel le volume de la coque exteme est de 4 a 70 % du volume total du grain d'halogenure 
d'argent. 

25 

14. Materiau photographique a I'halogenure d'argent selon la revendication 13, dans lequel le volume de la 
coque exteme est de 10 a 50 % du volume total du grain d'halogenure d'argent. 

15. Materiau photographique k I'halogenure d'argent selon Tune quelconque des revendications 1 a 14, 
30 dans lequel le volume de la coque a haute teneur en iodure est de 10 a 80 % du volume total du grain 

d'halogenure d'argent. 

( 16. Materiau photographique a I'halogenure d'argent selon la revendication 15. dans lequel le volume de la 
coque a haute teneur en iodure est de 20 a 50% du volume total du grain d'halogenure d'argent. 

35 

17. Materiau photographique a i'halogenure d'argent selon la revendication 16, dans lequel le volume de la 
coque a haute teneur en iodure est de 20 & 45 % du volume total du grain d'halogenure d'argent 

18. Materiau photographique a I'halogenure d'argent selon Tune quelconque des revendications de 1 a 17, 
40 dans lequel le volume de fa coque intennediaire est de 5 k 60 % du volume total du grain d'halogenure 

d'argent 

19. Materiau photographique a rhalogenure d'argent selon la revendication 18, dans lequel )e volume de la 
coque intermediate est de 20 a 55 % du volume total du grain d'halogenure d'argent 

46 

20. Materiau photographique a rhalogenure d'argent selon I'une quelconque des revendications de 1 k 19, 
dans lequel la taille du noyau interne est de 0,05 k 0,8 urn. 

21. Materiau photographique a I'halogenure d'argent seton la revendication 20, dans lequel la taille du 
so noyau interne est de 0.05 a 0.4 urn. 

22. Materiau photographique k rhalogenure d'argent seton i'une quelconque des revendications de 1 k 21, 
dans lequel la teneur totale en iodure d'argent du grain d'halogenure d'argent est de 1 k 2D moles %. 

55 23. Materiau photographique k I'halogenure d'argent selon la revendication 22, dans lequel la teneur totale 
en iodure d'argent du grain d'halogenure d'argent est de 1 a 15 moles %. 

24. Materiau photographique a I'halogenur d'argent s Ion la rev ndication 23, dans lequel la teneur totale 
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en iodure d'argent du grain d'halogenure d'argent est de 2 a 12 moles %. 

25. Mat6riau photographique a Phaloge'nure d'argent selon Tune des revendications de 1 a 24, dans (equal 
les grains d'halogenure d'argent sont mbnodisperses. 

26. MatSriau photographique a I'haloge'nure d'argent selon la revendicatton 25, dans lequel le coefficient de 
variation de la dispersion des grains d'halogenure d'argent n'est pas supe*rieur a 20 %. 

27. Materiau photographique a rhatogenure d'argent selon la revendlcation 26, dans lequel le coefficient de 
variation n'est pas superieur a 15 %. 

Patentanspruche 

1. Photographisches Silberhalogenid-NegativmateriaJ mit Silbertialogenidkbrnchen mit Kem-HQIIe-Struktur, 
bestehend aus einem inneren Kem im wesentlichen aus Silberbromid oder Silberjodbromid und einer 
Mehrzahl von HOllen im wesentlichen aus Silberbromid Oder Silberjodbromid, wobei die Silberhalogen- 
idkomchen 

(a) sine Sufierste HUIIe mit 0 - 10 Mol-% Silberjodid, 

(b) erne unter der au/Jersten HOlle vorgesehene und einen hohon Jodidgehalt aufweisende HOlle, 
deren Silberjodidgehalt 6 - 40 Mol-% betrMgt und mindestens 6 Mol-% htther 1st als derjenlge der 
auflersten HQlle, und 

(c) eine zwischen den HQIten (a) und (b) vorgesehene ZwischenhUlle, deren Silberjodidgehalt 
mindestens 3 Mol-% hdher ist als derjenige der Suflersten HUIIe und mindestens 3 Mol-% niedriger 
ist als derjenige der einen hohen Jodidgehalt aufweisenden HOlle. 

umfafit 

2. Photographisches Silberhalogenid-Aufzeichnungsmaterial nach Anspruch 1, dadurch gekennzeichnet 
da/5 der Silberjodidgehalt der einen hohen Jodidgehalt aufweisenden HOlle 10-40 Mol-% betrfigt 

a Photographisches Silberhalogenid-Aufeeichnungsmaterial nach Anspruch 1 oder 2. dadurch gekenn- 
zeichnet dafl der Silberjodidgehalt der autersten HOlle 0-3 Mol-% betrfigt 

4. Photographisches Silbertiatogenid-Aufzeichnungsmaterial nach Anspruch 3 t dadurch gekennzeichnet, 
dafl der Silberjodidgehalt der auflersten HOlle 0 - 2 Mol-% betrSgt 

5. Photographisches Silberhaiogenid-Aufzeichnungsmaterial nach Anspruch 4 r dadurch gekennzeichnet, 
dafl der Silberjodidgehalt der Sufiersten HOlle 0 - 1 Mol-% betragt 

6. Photographisches Silberhalogenid-Aufzeichnungsmateriai nach einem der AnsprOche 1 bis 5, dadurch 
gekennzeichnet, da/3 der Unterschied im Silberjodidgehalt zwischen der ZwischenhQIle und der aufler- 
sten Hulle 4 - 35 Mol-% betragt 

7. Photographisches Silberhaiogenid-Aufa^crmung^aterial nach einem der AnsprOche 1 bis 6, dadurch 
gekennzeichnet daJ3 der Unterschied im Silberjodidgehalt zwischen der einen hohen Jodidgehalt 
aufweisenden HOlle und der ZwischenhOlte 4 - 35 Mol-% betrSgt 

8. Photographisches SilberhaJogenid-Aufzeichnungsmaterial nach einem der AnsprOche 1 bis 7, dadurch 
gekennzeichnet, daJ3 der Unterschied im Silberjodidgehalt zwischen der einen hohen Jodidgehalt 
aufweisenden HOlle und der auflersten HOlle nicht weniger als 8 Mol-% betragt. 

9. Photographisches Silberhalogenid-Aufzeichnungsmaterial nach Anspruch 8. dadurch gekennzeichnet 
dafl der Unterschied im Silberjodidgehalt zwischen der einen hohen Jodidgehalt aufweisenden HOlle 
und der fiuBersten HUIIe nicht weniger als 10 Mol-% betra"gt 

10. Photographisches Silberhalogenid-Aijfzeicfmungsmaterial nach einem der AnsprOche 1 bis 9, dadurch 
g kennzeichnet da/3 der Silberjodidgehalt des inneren Kerns 0-40 Mol-% betragt 

11. Photographisch s Silberhalogenid-Autzeichnungsmaterial nach Anspruch 10, dadurch gekennzeichnet, 
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dafi der Silberjodidgehalt des inneren Kerns 0-10 Mol-% betragt 

12* Photographisches Silberhalc^enid-AufzeichnurtgsmateriaJ nach Anspruch 11, dadurch gekennzeichnet, 
dafi der Silberjodidgehalt des inneren Kerns 0 - 6 Mol-% betragt 

13. Photographisches Silberhalogenid-Aufzeichnungsmaterial nach einem der Anspriiche 1 bis 12, dadurch 
gekennzeichnet dafi das Volumen der Suflersten HOIIe 4 - 70% des Gesamtvolumens des Silberhalo- 
genidkornchens betragt 

14. Photographisches Silberhalogenk^Aufzeichnungsmaterial nach Anspruch 13, dadurch gekennzeichnet, 
dafi das Volumen der Sufiersten HQIIe 10 - 50% des Gesamtvolumens des SilberhalogenidkSmchens 
betragt. 

15. Photographisches Silberhalogenid-Aufzeichnungsmaterial nach einem der AnsprOche 1 bis 14, dadurch 
gekennzeichnet dafi das Volumen der einen hohen Jodigehalt aufweisenden Hrjlle 10 - 80% des 
Gesamtvolumens des SilberhalogenidkBmchens betragt. 

16. Photographisches Silberhalogenid-Aufzeichnungsmaterial nach Anspruch 15, dadurch gekennzeichnet, 
dafi das Volumen der einen hohen Jodidgehatt aufweisenden Hutie 20 - 50% des Gesamtvolumens des 
Silberhalogenidkomchens betragt 

17. Photographisches Silberhalogenid-Aufceichnungsmaterial nach Anspruch 16, dadurch gekennzeichnet, 
dafi das Volumen der einen hohen Jodidgehalt aufweisenden HUlte 20 - 45% des Gesamtvolumens des 
SilberhatogenidkSrnchens betrSgt 

18. Photographisches Siibematogenid-Autzeichnungsmateriai nach einem der Ansprflche 1 bis 17, dadurch 
gekennzeichnet, dafi das Volumen der ZwischenhOUe 5 - 60% des Gesamtvolumens des Silberhalogen- 
idkornchens betragt 

19. Photographisches SilberhaJogenid-Aufzeichnungsmaterial nach Anspruch 18, dadurch gekennzeichnet. 
dafi das Volumen des ZwischenhOUe 20 - 55% des Gesamtvolumens des Silberhalogenidkornchens 
betrSgt. 

20. Photographisches SilberhaJogenid-Aufzeichnungsmaterial nach einem der AnsprOcne 1 bis 19, dadurch 
gekennzeichnet, dafi die Grdfie des inneren Kerns 0,05 - 0,8 urn betrSgt 

21. Photographisches Silberhalogenid-Aufzeichnungsmaterial nach Anspruch 20, dadurch gekennzeichnet. 
dafi die Grdfie des inneren Kerns 0,05 - 0,4 urn betragt 

22. Photographisches Siiberhalogenid-Aufzeichnungsmaterial nach einem der AnsprGche 1 bis 21, dadurch 
gekennzeichnet. dafi der Gesamtgehalt an Silberjodid in dem Silberhatogenidkomchen 1 - 20 Mol-% 
betragt. 

23. Photographisches Silberhalogenid-Aufzeichnungsmaterlal nach Anspruch 22, dadurch gekennzeichnet 
dafi der Gesamtgehalt an Silberjodid des Silberhalogenidkornchens 1-15 Mol-% betragt. 

24. Photographisches Silberhalogenid-Aufzeichnungsmatertal nach Anspruch 23, dadurch gekennzeichnet, 
dafi der Gesamtgehalt an Silberjodid des Silberhalogenidkornchens 2-12 Mol-% betragt. 

25. Photographisches Silberhalogenid-Aufzeichnungsmaterial nach einem der AnsprGche 1 bis 24, dadurch 
gekennzeichnet, dafi es sich bei den Sffberhafogenidkdmchen urn monodisperse Silberhalogenidkdrn- 
chen handelt. 

26. Photographisches Silberhalogenid-Aufzeichnungsmaterial nach Anspruch 25, dadurch gekennzeichnet, 
dafi die prozentuale quadratische Streuung der Silberhalogenidkrjmchendispersion nicht mehr als 20% 
betrSgt. 

27. Photographisches Silberhalogenid-Aufzeichnungsmaterial nach Anspruch 26, dadurch gekennzeichnet, 
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dafl die prozentuale quacfratische Str uung nicht mehr als 15% betrSgt 
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